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I. INTRODUCTION 


A. GENERAL 

This thesis examines the Naval Facilities Engineering 
Command's (NAVFAC) existing acoustic desSign practices and 
procedures for all Navy Family Housing Construction Projects. 
Because family housing is considered an important benefit for 
all service members, this thesis examines whether or not 
NAVFAC is producing public housing in a form that reflects the 
end users estimated benefits of additional sound suppression. 

Acoustic privacy in rooms and dwelling units gained by 
sound insulation is no longer considered a comfort item or 
amenity of life by the U.S. population. Home and apartment 
residents have come to view quiet interior living as a needed 
environment to assure their mental well being. Because 1.) 
noise cannot be seen and can be eliminated by turning off the 
source, and 2.) the full effects of noise on human beings is 
still open to question, noise protection has not received the 
social concern that has been given to air and water pollution. 
[Ref. 11] 

To stimulate the concern, the National Environmental 
Policy Act of 1969, the Environmental quality Improvement Act 
of 1970, and the Noise Control Act of 1972 were established to 
identify problems of noise abatement in the United States. 


(Ref. 17] According to Section 2 of the Noise control Act, 


"Congress declares that it is the policy of the United States 
to promote an environment for all Americans free from noise 
that jeopardizes their health and welfare." ([Ref. 17:pg. 268] 
For this reason, Environmental Impact Statements are now 
required for all new construction, relocation projects or 
rehabilitation work. 

While in theory this was considered a large step towards 
making the construction industry aware that noise protection 
for dwelling end users is a must, the building industry and 
consumers recognize that the place of human habitation, 
whether a simple hut or a modern villa, is essentially a 
weather-protective shelter. [(Ref. 16] For this reason, the 
design of a domicile in a form of a weather-resistant and 
stable structure is the major public concern. (Ref. 16:pg. 
155] This can be witnessed by the structure of our existing 
building codes and the lack of acoustic attenuation in the 
codes. 

In many European nations, building codes include acoustic 
insulation requirements, in addition to those aimed at 
sanitation, fire protection, heating, ect. Construction in 
the United States however, is regulated only to ensure that 
the protection of life and property is maintained for 
individuals that own or use a constructed facility. All 
construction in the United States, whether it is on the 
federal or state level, is regulated by some type of building 


code or building guide specifications. Building codes and DOD 


specifications are a culmination of regulations and practices 
that have evolved over the years to help direct construction 
efforts. 

A building code is a legal document which sets forth 
requirements to protect the public health, safety and general 
welfare with respect to the construction and the occupancy of 
buildings and structures. fRef. 1] In doing so, codes 
generally set forth requirements for testing, fire protection, 
structural design, fire resistent and structurally sound 
materials. Energy conservation has only recently been 
included in the scope of building codes. 

Standards are developed, not only to help produce quality 
products, but to continuously remind designers, engineers and 
contractors of the high priority that must be assigned to 
safety. In particular, designers must keep in mind the safety 
of occupants after the residential units are complete. 

Requirements for noise suppression for buildings vary with 
location of the facility, noise generation and frequency. The 
acoustical requirements within buildings are a compilation of 
standards often produced by the American Society for Testing 
and Materials (ASTM). 

An ASTM standard represents a common viewpoint of those 
parties concerned with its provisions, namely producers, 
users, consumers, and general interest groups. [Ref. 19] It 
is intended to aid industry, government agencies and the 


general public. The use of ASTM standards is purely 


voluntary. It is recognized that, for certain work or in 
certain regions, the specifications may be either more or less 
restrictive than needed. The existence of these standards 
does not preclude anyone from manufacturing, marketing, or 
purchasing products, or using procedures not conforming to the 
standards. ([Ref. 19vEg" iv] NAVFAC is one of the government 
agencies that uses ASTM standards for military construction. 
When used in the design or construction phase, NAVFAC 
references applicable standards that a contractor must follow 
in order to maitain minimum quality. Appendix (A) shows ASTM 
acoustic standards that are presently available and can be 
referenced for DOD construction work. [Ref. 4] 

Standards from the National Acoustical Society are not 
referenced in this thesis because NAVFAC does not use any 
guidance or material from the society. While ASTM standards 
provide guidance for acceptable noise transmission criteria, 
compliance with these standards is accomplished by using field 
or factory tested assemblies which come from pre-established 
building catalogs, such as the Sweets Building Catalog or the 
Architectural Graphic Standards guide. 

1. Pre-Estalished Building Catalogs 

Pre-established building catalogs are publications 
that list construction products from various companies. 
Publications list the products name, general information about 
the product, what it is used for, how it is assembled and how 


much it costs. Additionally, they provide available test data 


including what test standard the product was measured against 
and the test results. They also identify the testing lab and 
test date. 

A common standards catalog, that is widely used for 
general building and renovation, is the Sweets Catalog file, 
published by the McGraw Hill Information Systems Company. The 
catalog lists products that are available to the construction 
industry and its' manufacturers. The catalog is broken down 
into seventeen different construction activities for easy 
identification. (See Table I) In each activity, the number 
(e.g.,5) represents the activity and the name (e.g., metals) 


represents the construction discipline. [Ref. 2] 


TABLE I 
CONSTRUCTION DISCIPLINES 


_ Specialesign 6 Wood/Plastic 11 Equipment 

1 General 7 Thermal 12 Furnishings 

2 Sitework 8 Doors/windows 13 Specia@ionstruction 
3 Concrete 9 Finishes 14 Conveyingystems 

4 Masonry 10Specialties 15Mechanical 

5 Metals 16Electrical 


The seventeen activities are further broken down into 
specific sub activities within the discipline. An example of 
a sub activity in activity 9, (Finishing) is sub activity 


09550/AME. This lists assemblies for overhead floor 


construction and the Sound Transmission Class (STC) ratings 
for each type of floor construction. (Appendix B) 
2. S8tate And Local Codes 

While performing thesis research, the question was 
whether local building codes for noise suppression were 
incorporated into NAVFAC design criteria. While local and 
state codes are reviewed and researched, discussions with 
NAVFAC state that all federal facilities exceed state and 
local codes. Because federal standards and specifications for 
Navy Family Housing Projects exceed state and local codes, the 
state is not involved during the design phase of Navy family 
housing. 

While state codes are not referenced in the design 
stage, the Uniform Building Code (UBC) is’ referenced. 
Designers of Navy housing however, only reference this code to 
pick up any construction discipline that may have been 
overlooked during the design stage. DOD standards are the 
focal point for designs, the UBC code is used indirectly as a 
reference. 

While NAVFAC does not reference any state or local 
acoustic codes, many states and local governments have 
established acoustic codes. An example of this is the state 
of California. The Uniform Building Code is the primary code 
that regulates all building construction in the state of 
California. The State of California, however, has adopted an 


additional code, the California Administrative Code. This 


specifies the same Sound Transmission Class (STC) ratings for 
walls and floors as the UBC, but specifies additional 
requirements that are not outlined in the UBC. [Ref. 16:pg. 
34] 

One of the additional codes is the requirement to 
specify an interior Community Noise Equivalent Level (CNEL) of 
45 dB. This is the interior noise level that must be obtained 
inside a dwelling unit after the construction has been 
completed. It is important for builders and designers to 
secure an evaluation of the exterior CNEL at the prospective 
site so that the exterior walls, windows and roof may be 
adopted which can lead to the specified interior noise 
climate. (Ref. 16:pp. 34-40] In addition to this state 
requirement, local governments have the option of taking the 
UBC or state codes and modifying them to meet particular 
standards for a certain city. An example of this is the Los 
Angeles Building Ordinance No. 143, 363. This ordinance calls 
not only for party walls to have a lab tested STC rating of 
50, which is required by the UBC and the California 
Administrative Code, but also requires that all walls that 
separate units from garages and units with corridor partitions 


to also have lab tested STC ratings of 50. [Ref. 16:pg. 35] 


B. BACKGROUND 

Service members and designated federal employees living in 
Navy Family Housing units many times encounter the displeasure 
of hearing externally and internally generated noise. Current 
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studies of the effects of noise show that people repeatedly 
exposed to typical city noise levels exhibit increased 
irritability and discomfort, severe nervous tension, loss of 
ability to concentrate, and loss of sleep. [{Ref. 11] Effects 
of noise intrusion can be considered under a variety of 
headings. The three most recognized effects are: (Ref. 
L7:pp. 123-1269 
1. Physical in the sense that a person's hearing 
becomes damaged when the occupant is prolongedly 
exposed to sounds of high intensity. 
2. Physiological-noise produces a change in body 
activity (noise cannot only restrict intestinal 


motion, but cardiac activity). 


3. Emotional-generally in a form of annoyance or 
irritation. 


Interruptions, anxiety, and feelings of frustration impair 
aptitude to perform even simple tasks. Because of these 
problems and effects caused by noise intrusion, occupants 
question the acoustical integrity of the units. While 
residents are aware that insulation and building material 
composition is considered for thermal conditions, occupants 
wonder if the construction materials are designed to suppress 
noise. Residents wonder if designers consider noise 
suppression at all. 

To properly address this program, the NAVFAC has taken a 
more active role in the procurement and design of military 
housing. Prior to Turnkey design, housing designs were 
typically developed by government in-house civilian personnel 
in one of the seven Engineering Field Divisions (EFD). Over 
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the past 20 years, the emphasis has been to procure family 
housing units through the use of Turnkey design procedures. 
Turnkey design is a plan that is forwarded to NAVFAC by a 
civilian construction firm. The plan outlines a particular 
design for potential Navy housing. The design is in response 
to a government Request for Proposal (RFP). (Appendix C) The 
design is developed by the contractor at his own expense with 
the hope that the company will be selected to build the 
housing project for the government. The design shows how the 
product will look and how much it will cost. The background 
and procedures for the Turnkey process are discussed in 
Chapter III. 

Quality designs are a top priority for the Navy family 
housing program. Thus, NAVFAC uses various design standards 
to ensure that all facets of noise suppression within family 
housing are addressed. These relationships range from site 
selection and environmental effects, to health and comfort 
requirements. This thesis examines the role of the design 
stage in providing acoustical suppression, and outlines 
recommendations about NAVFAC's efforts to identify noise 


suppression requirements. 


C. METHODOLOGY 
This thesis was conducted using archival and opinion 
research to determine whether NAVFACENGCOM identifies noise 


Suppression design requirements for family housing, and how 


these requirements are incorporated into the construction 
phase. In particular, this thesis focuses on these questions: 
1. Can Department of Defense housing be built in any 
particular location irregardless of existing noise 
conditions? 


2. Does NAVFACENGCOM use the Uniform Building Code? 


3. Does the Uniform Building Code sufficiently address noise 
suppression and does it meet NAVFAC's requirements? 


4. Does NAVFAC have standards, military specifications and 
housing design handbooks to address noise suppression? 


5. How are residential units designed once standards and 
sound transmission class ratings are identified? 

D. SCOPE, LIMITATIONS AND ASSUMPTIONS 
The scope of this thesis is limited to examining and 
analyzing NAVFAC's noise suppression design development for 
the Navy Family Housing Program. Research covered the 
analysis of the Uniform Building Code, NAVFAC Inst. 11101.85, 
the Navy housing manual and other applicable design handbooks 
and references. Personal interviews of NAVFAC personnel were 
limited to the users within Western Division, Naval Facilities 
Engineering Command and Naval Facilities Engineering Command, 
Washington DC. Phone interviews concerning the integration of 
the UBC code with current NAVFAC standards and practices were 
limited to agents of OSD and NAVFAC. It should be noted that 
local and state code requirements are not addressed in this 
thesis because gathering sufficient information from local and 
state building officials and organizations is beyond the scope 


of this thesis. 
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The assumptions that need to be addressed are as follows: 


1. The reader has a working knowledge of NAVFAC construction 
procedures and practices. 


2. The reader is not familiar with acoustic noise 
suppression terminology. 


3. The reader is not familiar with NAVFAC noise suppression 
design requirements, planning criteria oor Turnkey 
housing. 


To determine whether NAVFACENGCOM is designing public 
housing with appropriate acoustic quality characteristics, 


Chapter Two examines the background of noise suppression. 


E. DEFINITIONS & ABBREVIATIONS 


SOUND PRESSURE LEVEL (SPL)- average pressure level of sound 
waves at a particular point, equal to 20 times the log of 
the measured pressure divided by the referenced pressure, 
which is 20 micropascals. SPL=20log(pressure/ref. pressure) 
[Ref. 3] 


DECIBELS(dB)- sound pressure levels (SPL) are measured in 
units of decibels (dB) which is a logarithmic rather than a 
linear scale. It is a unit for measuring loudness of sound. 
Range extends all the way from a faint rustle of leaves to 
the roar of jet engines. (1dB-140dB) An increase in 3dB is 
barely perceptible. An increase of 5dB is’ clearly 
noticeable, an increase of 10 @B doubles the volume, and an 
increase of 20 dB quadruples the volume. [Ref. 3:pg. 5] 


SOUND TRANSMISSION CLASS - a term originated by ASTM to 
provide a single number rating system for insulation of 
common building materials, compound structures, doors, 
windows, ect. It is also intended to overcome certain 
inadequacies developed when the sound attenuating quality of 
a space divider was expressed as the numerical average of 
its transmission losses at but a few frequencies. ([Ref. 
ZGo-pDoG. 38 ] 


Architects call for a minimum insulation characteristic 
and generally specify a wall with a greater insulation 
capability than apparently required, to include estimated 
field losses, poor workmanship, improper or imperfect 
materials, ect. A STC 30 contour (See Figure 1) to the 
designer means that a sound transmission loss of 30 dB was 
experienced for a particular material or assembly at a 
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frequency of 500 Hz. [Ref. 16:pg. 39] The reason why the 500 
Hz frequency is used has to do with the capability of the 
human ear. The frequency over which the ear is most sensitive 
is from 800 Hz to 6000 Hz. This range corresponds to the good 
impedance matching between a persons outer ear and the air. 
Poor impedance matching between the outer ear and the air 
occurs at frequencies below 400 Hz. Because of this, the 
threshold of hearing becomes quite high at frequencies below 
500 Hz. [Ref. 19:pg. 453] | 


A reference curve is developed by taking a material and 
testing it to determine the transmission loss (tl) in decibels 
at 500 Hz. MThis transmission loss value in dB is the base 
point for which a reference curve is. constructed. The 
reference contour is graphically sectioned into three five 
one-third octaves. The first five one-third octaves will have 
a slope of 9 dB/octave and its frequency range will go from 
125 Hz to 400 Hz. The second five one-third octave will have 
a slope of 3 dB/octave and its range will be from 400 Hz to 
1250 Hz. The final five one-third octave will have a zero 
slope and its range will be from 1250 Hz to 4000 Hz. 


Figure 1 shows that a 
material tested at 500 Hz had 
a transmission loss of 30 GB. erat | ects | ectaeeh 
Using this reference point, piers xt hee ak 
the second five one-third 
contour line will be 
constructed first. After 
using a slope of 3 dB/octave, 
the two other sections of the 


contour can be constructed. Ye eo 
[Ref. 16:pp. 40-43] | ee ea ee 

To determine the STC of RAH 
an actual wall assembly, the W 


6 e ‘SeerTaeceestgte gece s 
measured transmission loss Geuvadftmcsincy ee) ae ettat beeen 


values in the’ contiguous 
sixteen one-third octaves 
frequency bands with center Pigure 1 

frequencies between 125 Hz - 

4000 Hz are compared with the 

values of the STC reference curve according to the following 
conditions. (See Figure 2) 
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1. A single unfavorable deviation frequency 
transmission loss value which falls below the 
contour may not exceed 8 dB. 


2. The sum of the unfavorable deviations falling below 
the reference contour shall not exceed 32 dB. [Ref. 
19:pp. 319-321] 
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The STC rating of a partition is the numerical value which 
corresponds to the TL value at 500 Hz for the highest 
reference contour for which the two above conditions are 
simultaneously met. The below example is used to show the 
above procedure. The TL values are plotted on Figure 2 and 
graphed against a STC reference curve of 47. The TL values 
represent the transmission loss in decibels that was witnessed 
during the test phase of a particular material. 


FREQ-Hz 124 160 200 250 315 400 500 630 800 1000 
TL-dB 24 27 #33 #38 441 45 45 46 48 48 


FREQ-Hz 1250 1600 2000 2500 3150 4000 
TL-dB Sa 56 54 55 58 64 


The data is plotted in Figure (2). The maximum deviation 
from the reference curve is 6 @B at 125 Hz. The sum of the 
deviations below the reference curve is 26 @aB. ([Ref. 18:pg. 
320] Since both conditions were met, the assembly tested will 
have a STC rating of 47. If the designer had tried to use a 
reference curve with a STC of 48, the sum of the unfavorable 
deviations would have been 37 dB, which exceeds the 32 dB 
threshold. Because the designer knows this, the designer 
knows that the maximum STC rating for the particular assembly 
is 47. 


IMPACT ISOLATION CLASS(IIC)- 
a rating system for floor 
impact noise. Higher rating 
indicates improving 
performance. Impact noise on 
floors is rated by testing 
with a standard tapping 
machine and measuring the 
noise level below. Appendix 
D illustrates typical 
construction types and 
respective IIC ratings. [Ref. 


3:pg. 26] 


SOUND ABSORPTION COEFFICIENT- 
percent of sound absorbed by 
a material. Ideally, the ihn ‘cali 
fraction of the randomly Figure 2 

incident sound power absorbed 

or otherwise not reflected. 
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REQUEST FOR PROPOSAL(RFP)- government solicitation to 
contractors and designers requesting a design and/or a quote 
to perform some particular work. 
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LEVEL DAY NIGHT (Ldn) -the energy equivalent weighted continuous 
sound level compared to a 24-hour varying noise level, witha 
10 dB penalty added to night time noise levels between 10 pm. 


and 7 am. this is measured by using an integrating sound 
level meter. [Ref. 3:pg. 2] 
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II. THE NEED OF PROVIDING PROTECTION 


A. BACKGROUND 

In Family Housing Projects, poor sound privacy and noise 
suppression between units 1S a pervasive problem that is 
almost impossible to address once the particular dwellings are 
constructed. Only large expenditures seem to correct any 
acoustical deficiencies once the dwellings are complete, and 
even then, this is not always cost effective to try to 
correct. Current building codes, such as the Uniform Building 
Code, Basic National Building Code and Standard Building Code 
include only minimum standards to ensure that sound insulation 
requirements are met. In short, the three building codes that 
are presently used in the United States only give lip service 
to the problem. This offers little assurance to potential 
investors in luxury family housing projects. [Ref. 5] 

Because there is a lack of noise suppression standards 
within the three codes, NAVFAC is taking a key interest in 
providing minimum noise standards that benefit the military 
end user. Noise suppression in the construction industry has 
changed over the past 20 years. NAVFAC recognizes that the 
noise problems military members experience in their 
residential units are created by overlooking or 


underestimating noise sources. 
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In order to see why NAVFAC is taking an aggressive and 
positive approach to increasing noise suppression, this thesis 
first reviews past events and current problems which have 


magnified the problem to its current level. 


B. GENERAL HISTORY 

The requirement for noise suppression, while relatively 
new to the United States, was first addressed and presented to 
the European community just before World War II. Germany in 
particular established crude field tests, though effective for 
the time. These tests measured the insulation requirement for 
walls and floors by using an airborne insulation index. ([Ref. 
6 and 7) This first measure paved the way for the European 
community to establish national noise suppression codes that 
are still in force today. 

While most of the world's major nations use established 
noise standards outlining minimum requirements for suppression 
and protection, the United States has not adopted a national 
standard. The 1960's was a time of broad architectural 
achievement in every facet of building activity. While 
Significant activity in the American construction industry was 
going on, there was absolutely nothing being done about 
acoustical treatment. Of all the complaints owners expressed 
about family dwellings, the lack of sound proofing generally 
headed the list of complaints. It is unfortunate that the 


general public commonly equates a noisy unit to poor quality 
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construction. For the most part, this is far from the truth. 
[Ref. 10) 
1. Federal Government History 

In Europe, the amount of noise reduction between 
adjacent homes, apartments, and hotels to provide satisfactory 
quiet enclosures is specified in national building codes. 
While there is nothing found in the U.S building codes, the 
American Public Health Association has made similar 
recommendations to those of the European community. ([Ref. 
16:pg. 51] 

The American Public Health Association recognizes 
three classes of building construction- minimum, standard and 
optimum. The Public Health Organization defines the three 
grades of building construction as follows: [(Ref. 16:pp. 51- 
52] 

Minimum-"livable conditions below which occupants risk 
impairment of privacy, comfort, health and sleep owing to 
noise, and is to be tolerated only as a lower limit 


enforced by cost limitations." 


Standard-"recommended minimum conditions for normal living, 
and a justifiable standard for all new construction." 


Optimum-" desirable conditions for living with greatest 
possible freedom from noise disturbances by providing 
expenditure, and a level above which additional control is 
a luxury." 
Table 3 provides the three grades M, S, O described 
above with recommended average noise reductions between 125 Hz 


- 2000 Hz for various types of walls. [Ref. 16:pg. 52] 
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TABLE 3 
NOISE REDUCTION 


Noise Reduction, dB 


M S 0 
Through party walls between living 
room of one dwelling and living room 
or bedroom of adjacent dwelling 40 50 55 
Through party walls between all 
other combinations of spaces in 
adjacent dwellings 40 45 50 
Through all party floors between 
adjacent dwellings 40 45 50 
Between rooms within dwelling if 
privacy is expected between these 
rooms 30 35 45 


The first American code established minimum noise 
standards in 1963 (Minimum Property Standards, MO 2600). The 
Federal Housing Administration (FHA) set minimum requirements 
for the control of both impact sound transmission and airborne 
sound. [Ref 6:pp. 4-43] In 1967, the U.S. Department of 
Housing and Urban Development (of which FHA is a part) adopted 


a set of recommendations for the control of airborne noise and 


impact noise. (Guide to Airborne, Impact and Structure-Borne 


Noise control in Multi-Family Dwellings) [Ref. 6:pp. 4-43 and 


Ref. 16:p. 52) The Guide established three different grades 
of acoustic environments to deal effectively with the wide 
range of geographic location, urban development and economic 


conditions. 
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a. Grades 
Grade I is applicable primarily in suburban residential 
areas. (i.e. "quiet" locations where the night time 
exterior noise levels might be 35-40 dB or lower. 
Grade II is applicable to the residential urban and 
suburban areas with an "average" noise environment. 
Night time levels might be 40-45dB. 
Grade III is considered minimal recommendations and are 
applicable in "noisy" urban areas. Here night time 
exterior noise levels might exceed 55 dB. 

Designers of housing projects and single homes 
were required to anticipate, if possible, in which grade the 
new project would be built. After the acoustical environment 
was determined, designers were required to provide noise 
protection in accordance with the HUD guideline for family 
dwellings. To ensure that designers were designing for 
acoustic protection in accordance with the new Guide, 
designers were not provided FHA loans or mortgages until this 
criteria was shown in the residential design. If the noise 
criteria was in the design and the builder met all other 
financial conditions, the FHA loan or mortgage was then 
approved. 

Table 4 lists the criteria for airborne sound 
insulation of wall partitions between dwelling units for the 
three different grades. These values represent the minimum 
standards a designer must design to ensure that the end user 
would receive some acoustic protection from external noise. 


The location of the partition (e.g., Bedroom to Bedroom) in 


Table 4 tells the designer that the exterior partition wall 
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between two bedrooms of different units must provide a 


reduction of 55 (dB) (e.g., Grade I). 


TABLE 4 
PARTITION BETWEEN DWELLINGS 


Grade I Grade II Grade III 


Apartment A to Apartment B STC STC STC 
Bedroom to bedroom 55 52 48 
Living room to bedroom 57 54 52 
Kitchen to bedroom 58 55 50 
Bathroom to bedroom 59 56 52 
Corridor to bedroom 55 52 48 
Living room to living room 55 52 48 
Kitchen to living room S5 52 48 
Bathroom to living room D7, 54 50 
Corridor to living room 55 52 48 
Kitchen to kitchen 52 50 46 
Bathroom to kitchen 55 52 48 
Corridor to kitchen 55 52 48 
Bathroom to bathroom 52 50 46 
Corridor to bathroom 50 48 46 
When designing for individual units, HUD 


required designers to provide design criteria for partitions 
between rooms in the same dwelling. Table 5 lists the 
criteria for airborne sound insulation within a dwelling unit 
for the three different grades. [Ref. 6:pp. 4-43 and Ref. 15] 
[Ref. 16] The tables' line entries state that if a wall falls 
between two rooms, (e.g.,bedroom to bedroom) the designer must 
provide a wall design that will provide sound insulation for 


the particular grade (e.g., Grade I, STC 48). 
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TABLE 5 
PARTITION BETWEEN ROOMS 


Grade I Grade II Grade III 


STC STC STC 
Bedroom to bedroom 48 44 40 
Living room to bedroom 50 46 42 
Bathroom to bedroom BZ 48 45 
Kitchen to bedroom 52 48 45 
Bathroom to living room 52 48 45 
TABLE 6 


LOCATION OF PARTITION 


STC 
Living unit to living unit, corridor(1), or 45 
public space(2) 
Living unit to public space and service 
areas (high noise) 50 
LOCATION OF FLOOR-CEILING 
STC TIC 
Floor ceiling separating living units from 45 45 
other living units, public space or service 
areas 
Floor ceiling separating living units from 50 50 


public space and service areas (high noise) 
including corridor floors over living units 


In 1976, HUD revised the 1963 FHA report, paying 
more attention to one and two bedroom units. [Ref. 6] In 
particular, the revised report provided noise protection to 
dwellers from noise generated from public spaces such as 
service areas and corridors. It also addressed noise design 
levels for floor-ceiling applications. (See Table 6) Not 
only would the designer have to provide sound insulation for 
a floor-ceiling assembly, but impact criteria was also 


required. 


Be). 


In the early 1980's, the revised 1963 FHA report 
and the HUD guide for multi-family dwellings was no longer 
given a high priority by the federal government. The national 
level of attention that acoustical design practices was 
starting to receive was to become the responsibility of state 
and local governments. Because the federal government, in 
particular the FHA, was no longer reviewing a builders design 
for a loan or mortgage approvals, the building industry no 
longer had an incentive to put acoustic suppression in the 
designs unless a particular consumer requested it. The 
federal government anticipated that states would use existing 


HUD guidelines and provide additional guidance were needed. 


C. EXISTING CODE PRACTICES 

Because of the state's newly provided autonomy from the 
federal government, the states failed to give this matter the 
priority it needed. The states argued that sound-retardant 
construction should be left to consumers themselves, like 
matters of architectural esthetics and climatic comfort. 
Economic factors should be given chief consideration in 
selecting the type of wall or partition. [Ref. 17:pp. 167-168] 

In order to select the proper type of wall for a 
construction project, three private organizations establish 
and publish building codes for the United States. The three 
organizations cover different geographic regions. The 


geographic zones are shown in Figure (3). (Ref. l:pg. 11] 
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[Ref. 9] While these codes regulate the construction 
practices for different regions, the requirements of providing 


adequate noise protection for the end user receive litte 


attention. 





Figure 3 
Geographic Zones 


1. Organizations and Codes 

a. International Congress of Building Officials (ICBO): 
offers the Uniform Building Code (UBC) 

b. The Building Officials and Code Administration 
International (BOCA): offers Basic/National Building Code 
(BBC) 

c. Southern Building Code Congress International (SBCCT): 


offers Standard Building Code (SBC) 


Because the Federal Administration anticipated that 


the states would continue to use existing HUD guidelines, 
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require the builders to specify acoustic criteria to obtain 
loans, and work with the three building code organizations, 
they believed that sound protection for the end user would 
improve. However, since the states did not consider this a 
vital issue, they did not actively pursue this goal with the 
three code organizations or the housing loan industry. Sound 
protection for the end user is actually worse. The shift from 
a regulated practice to an unregulated practice has decreased 
the requirement for noise protection. The Federal 
Administration expected the local authorities to fill the gap. 
Additional confusion concerning noise protection in the United 
States arises because the three building codes, which have 
only minimal noise suppression standards for separating wall 
and floor assemblies, all specify different acoustic 
requirements. 

The Uniform Building Code offered by ICBO contains 
minimum standards for separating wall and floor-ceiling 
assemblies. (STC 50 for factory tested, 45 if field tested. 
IIc 50 for factory tested, 45 for field tested.) The BOCA 
Basic/National Building Code however, calls for not less than 
STC 45 and IIC 45 for wall and floor ceiling assemblies when 
tested in accordance with ASTM E 90 and E 497. The SBCCI 
Standard Building Code calls for not less than STC 45 for 
partitions and walls as tested in accordance with ASTM E 90, 
but does not have any recommendations for the IIC isolation. 


[Ref. 9:pp. 3, 4] 
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Because there are three different Sound Transmission 
Class (STC) requirements for the United States, NAVFAC takes 
the approach of requiring that all party walls will have a 
minimum of STC 55 for Navy Family Housing. All floor-ceiling 
assemblies will have a minimum of IIC 60. These requirements 
exceed all present codes, and one STC/IIC design criteria 


replaces the three different regional requirements. 


D. ADDITIONAL HISTORICAL CONCERNS 
1. New Technology 

As stated previously, building construction technology 
and methods has rapidly improved during the past thirty years. 
The implementation and use of new technology within 
residential units is making the point more direct that noise 
protection and suppression is a must. 

"The crescendo of noise, whether it comes from trucks 
or jack hammers, sirens or airplanes, shatters serenity and 
can inflict pain. We dare not be complacent about this ever 
mounting volume of noise. In the years ahead, it can bring 
even more discomfort...and worse...to the lives of srstoraiircet 
President L. B. Johnson. [Ref. 11:pg. 1] 

One adverse result from the increase in modern 
technology is that it frequently exposes the end user to more 
noise. Expanded use of aircraft, vehicles and, most 
importantly, home appliances contribute to the need for 


greater noise protection requirements. (Ref. ll:pg. 1] 
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Twenty years ago, residential units were not exposed to 
garbage disposals, several televisions, washers, dryers and 
dishwashers. [Ref. 10] In the past, these factors were not 
considered during the design of family housing. 

The increased use of domestic appliances is, for the 
peace of the home, made much worse by lighter walls, thin 
ceiling construction, thin non-bearing partitions and other 
sound transmissive building details. [Ref. 17:pg. 194] This 
has been brought about partly by 1) the lack of mandatory 
acoustical criteria for homes in the form of building code 
restrictions and 2) by even higher construction costs which 
tempt builders to select cheap, light-weight walls and floor 
systems. Table 7 provides sound levels for domestic devices 
that have been developed or improved through technology over 
the past 20 years. These appliances are commonly found in 
households today and contribute to our increasing acoustic 


problems. [Ref. 17:pg. 194] 


TABLE 7 
EQUIPMENT 
A-WEIGHTED SOUND LEVEL 
Electric shaver at 2 in 85 daB-A 
Garbage disposal at 2 ft 80 
Vacuum cleaner at 2 ft 86 
Window Air conditioner at 2 ft 97 
Refrigerator at 2 ft 70 
Television at 8 ft 70 
Food mixer at 2 ft 70 
Telephone at 10 ft 70 
Sewing machine at 4 ft 66 
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In addition to new transportation and home appliance 
technology, the growth of light weight building materials is 
greatly affecting the residential unit's acoustical integrity. 
It was structural steel and reinforced concrete that made the 
sky scraper possible and many say this represents America's 
gift to architecture. Because of the increasing metropolitan 
population and the high cost of land and buildings, our 
residential dwellings have been getting taller with less land 
available to use. 

Because of these taller buildings, designers are 
forced to use thin metal and glass products for exterior walls 
instead of solid concrete panels. Concrete is by far the 
cheapest building material for sound insulation purposes. If 
thick enough, it can keep out acoustic sounds as well as 
chemical agents, as in the use of the Survivable Collective 
Protection Shelters. Concrete has a draw back however, if 
weight is a priority. The designer is forced to look for an 
alternative material. When this happens, the switch from 
concrete to lighter materials becomes objectionably more sound 
transmissive. Where technology has solved many structural and 
development problems, new social problems, primarily unwanted 
noise, have been generated. [Ref. 17:pp. 159-160] Because 
these developments have led to improper insulation, NAVFAC 
prefers to use established reputable manufacturing designs and 
systems, already fielded and factory tested for acoustical 


performance. 
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2. Cost 

It is quite expensive to design and build a unit with 
regard for noise attenuating materials. Thinner, cheaper 
materials do not provide as good a sound barrier as thick, 
dense materials. [Ref. 12] One of the greatest draw backs in 
using high density materials is the cost of the materials 
themselves. A 3/16 inch thick sheet of lead, which displays 
a high noise reduction characteristic above 3000 Hz, weighs 11 
lb/square foot and costs $3.36/square foot. In contrast to 
this, 1 inch thick stucco with very much the same surface 
density costs only 3.3 cents/square foot. [Ref. 16:pp. 58-59] 
One of the reasons that the construction industry uses light 
weight materials instead of dense materials is the fact that 
land is decreasing in terms of its availability. [Ref. 11] 
Because land is becoming a scare good, more expenditures are 
required to purchase the land. Because land is getting more 
expensive, consumers have less to spend on homes. 

To offset this large cash outlay, lighter and cheaper 
materials are being used to substitute for denser, better 
acoustical products in the construction of homes. Because 
these cheaper, thinner materials are being used, the cost is 
reduced but the quality of the structure is jeopardized. 
Because there is less land to build single units, more 
apartments and condominiums are being built. By providing 
more apartments and condominiums with light weight, poor sound 


attenuation materials, the end user of the unit may not 
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consider the unit desirable to live in and may be forced to 
look for alternative housing to meet the end users needs. 

A designer of a dwelling unit can satisfy a customer's 
acoustic suppression needs if there is not any financial 
constraints put on the designer. As previously stated, 
designing and building with acoustic needs in mind is 
expensive. To illustrate this, Figure (4) shows a cost 
relationship of providing noise suppression in walls. The 
walls are made of 2 X 4 wood studs, drywall and fibrous 
insulation when required. The following STC ratings and 
description were used to create Figure (4). [Ref 3] 


STC 60 TWO ROWS WOOD STUDS, 6" FIBROUS INSULATION, 2 LAYERS 
1/2" DRYWALL BOTH SIDES 


STC 55 TWO ROWS WOOD STUDS, 6" FIBROUS INSULATION, 1 LAYER 
1/2" DRYWALL BOTH SIDES 


STC 50 2 X 4 STUDS, 3 1/2" FIBROUS INSULATION, 2 layers 
1/2" DRYWALL, ONE SIDE RESILIENT CHANNEL W/ DWL. OTHER 


STC 45 2 X 4 STUDS, 3 1/2" INSULATION, 1/2" DRYWALL, ONE 
SIDE RESILIENT CHANNEL W/ 1/2" DWL. OTHER 


STC 38 2 X 4 STUDS, 3 1/2" FIBROUS INSULATION, 1/2" DRYWALL 
BOTH SIDES 


Figure (4) shows that it costs $5.83 per square foot 
to build a wall assembly rated STC 38, while it costs $11.62 
per square foot to build a wall assembly rated STC 60. 
Desired NAVFAC STC rating of STC 55 costs $10.64 per square 
foot. The STC 38 rating represents poor acoustic protection 
for exterior walls while STC 60 represents better protection 


than the NAVFAC desired level. STC 60 however, does not 
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represent a level of protection that meets or exceeds the end 
users needs. The cost per square foot figures were determined 
using the 1989 Means Residential Cost Data, published by R. S. 


Means Company, Inc. 
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III. DESIGN PROCEDURES FOR DOD HOUSING 


A. BACKGROUND 

NAVFAC currently provides new family housing by a method 
known as One-step Turnkey construction. Under this method, 
proposers offer a design and a price for a family housing 
project. The proposer is responsible for both the design and 
the construction of the housing units, if the design is 
accepted. The proposals are based on a Request for Proposal 
(RFP) which contains performance specifications and specific 
design criteria. Once the contractor's proposals are 
received, NAVFAC reviews the proposed construction drawings 
for compliance with the RFP. 

The purpose of the Turnkey process is for NAVFAC to select 
and award a contract to the proposal that is found to be most 


advantageous to the government. [{Ref. 8 and 13] 


B. REQUEST FOR PROPOSAL 

The Request for Proposal is a bound set of documents that 
provides the proposer a scope of what work is to be completed, 
where it will be performed and when the work will be 
completed. The RFP is usually broken down into five sections, 


which are subdivided into many activities (See Appendix E). 
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Part I-Acquisition Requirements - briefly describes the 
work, the applicable Federal Acquisition contract clauses, 
labor provisions, topographical maps indicating site 
location, soil borings, existing facilities and utilities, 


financial constraints, insurance and bidding requirements. 


Part II-Technical Requirements- outlines specific 
requirements that the contractor must focus on when 
designing a particular project. It lists applicable 
standards to ensure sound construction practices, like the 
National Electrical Code and National Fire Protection 
Association Life Safety Code. It discusses particular 
issues that pertain to construction disciplines, such as 
minimum size of rooms, certain construction materials that 
can and cannot be used, tolerances and specifications for 


component hardware. 


Part III-Contractor Quality Control- outlines the minimum 
personnel the contractor must have to perform quality 
checks on certain construction disciplines. It addresses 
what type of testing is required and how many are to be 


performed. 


Part IV-Submission Requirements-briefly summarizes what 
submittals are required of the contractor, when the 
Submittals are to be forwarded to the government and who 


will approve and reject the submittals. 


oye 


Part V-Technical Evaluation- this informs the contractor 
what the government will be evaluating during the technical 
evaluation board. Areas such as unit livability, 


maintainability and energy performance are reviewed. 


While the five parts are important to the contractor, this 
thesis only reviews Part's II and V. Part II is briefly 
reviewed because this is the first and the only time that the 
government makes a potential proposer aware that acoustical 
specifications are required in the design of the particular 
project. Part V, the Evaluation process, is addressed in the 


following chapter. 


C. TECHNICAL REQUIREMENTS~-ACOUSTICS 

The technical requirements section of the RFP is broken 
down into many different activities. (See Appendix E) This 
thesis reviews the Dwelling Unit Design Area which provides 
Specific guidance to the contractor. Unit Design Area is 
defined as usable space that is occupied by the end user. 
Examples of these spaces are bedrooms, bath rooms, living 
rooms and kitchens. This part of the RFP provides specific 
requirements for certain areas. An example of this is the 
bedroom. A generic specification or requirement for a bedroom 
may be as follows: [Ref. 13:pp. 2-21 and Ref. 14] 

1. Bedrooms 

a. General: Bedrooms shall be designed to accommodate 


a king size bed in master bedrooms and twin beds in other 
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rooms. Privacy, both visual and acoustic, iS required (i.e.. 
use of closet, bathroom, and/or sound insulation) between 
adjacent bedrooms and also between sleeping and living areas 
(i.e... living/dining, kitchen/family, ect.) Window, door, and 
closet placement should enhance furnishability. 

b. Emergency Egress: Bedroom emergency egress shall 
comply with requirements of NFPA 101. 

It is only in Part II of the RFP that acoustical 
attenuation is addressed. In order for the contractor to 
prepare a bid and to determine what type of materials to use, 
(i.e., bedroom and surrounding rooms) the RFP identifies sound 
attenuation for floor-ceiling and wall systems. [Ref 13:pp. 
2.25-2.28 and Ref. 14:pp.2.23-2.24] A generic RFP will 
identify sound attenuation criteria as follows: 

2. Floor systems 

a. Party Floor:Ceiling systems: Party floors shall 
have a topping slab of 1 1/2" lightweight concrete, 'gyp- 
crete', or similar material. Party floors shall have minimum 
one-hour fire resistance rating in accordance with ASTM E119. 
Floor-ceiling construction between dwelling units (party 
floors) shall be designed to provide the following sound 
transmission ratings in accordance with ASTM E90 and E492. 

Sound Transmission Class STC-52 


Impact Isolation Class IIC-60 
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Floors between dwelling units and garages shall 
have an STC rating of 50. [Ref. 13:pg. 2-23 and Ref. 14:pg. 2- 
26] 
3. Wall Systems 
a. Party Wall System: Walls separating dwelling units 
(party walls) shall provide one-hour or two-hour separation as 
required by applicable code, extending from foundation to the 
underside of roof sheathing, and provide a minimum sound 
attenuation rating of STC-55, as determined in accordance with 
ASTM E90. Walls between dwelling units and garages shall have 
STC rating of 50. [Ref. 13:pp. 2-27 and Ref. 14:pg. 2-24] 
The sound attenuation criteria contained in the 
RFP is drawn from the Military Handbook 1035, Family Housing, 
dated 15 June 1989. Once the sound attenuation criteria as 
well as other specifications are outlined for the potential 
proposer, it is up to the contractor to prepare designs and 
bidding documents that are in accordance with the RFP's 
specifications and referenced building codes and manufacturing 
practices. In the case of designing for sound attenuation, a 
contractor may go to a variety of sources that show details 
for floor, ceiling, and wall construction that meet the design 
criteria. Architectural Graphic Standards, publications from 
the Gypsum Association and Sweets Catalog provide a proposer 
good generic information that can be used to satisfy the RFP's 


design requirements. [Ref. 21] 
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After the proposer's bid documents and design is 
forwarded to NAVFAC, a Technical Evaluation Board (TEB) is 
established to evaluate the contractors design and bid. The 
next chapter reviews the government's process of evaluating 
the contractors! design against the RFP with respect to 


acoustical attenuation. 


3:7 


IV. ACOUSTIC REVIEW PROCEDURES OF CONTRACTOR 
PROPOSALS FOR DOD HOUSING 

A. BACKGROUND 

In order to be considered during the design selection 
process, contractors are required to submit design packages 
and pricing information as outlined in the Request for 
Proposal. The design package, and pricing information is sent 
to a specified Engineering Field Division where the pricing 
information and the design package are separated from one 
another. The design package which includes technical 
information about the scope of work, is forwarded to the 
Chairman of the Technical Evaluation Board (TEB). The TEB, 
using the Technical Evaluating Manual as a guide, evaluates 
the contractor's proposal, and establishes a quality rating 
(e.g., outstanding, satisfactory) and ranks all proposals by 
order of technology. (e.g., Proposal 109 is ranked third out 


of nine submitted proposals), [Ref. 13:pg. 6] 


B. PURPOSE OF TEB 

The purpose of forming a Technical Evaluation Board is to 
ensure that the proposals submitted by contractors are fairly 
reviewed by more than one party to determine if the material 
submitted is in compliance with standards and specifications 
outlined and referenced in the RFP. After the review of all 


designs is complete, the Board recommends which design should 
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be awarded based only on the technical aspects reviewed. The 
extent of the review is in proportion with the amount of 
information required from the proposals and the extent of the 
requirements specified in the RFP. 

After the Board ranks the proposals, the Board then 
calculates a Cost/Quality ratio (i.e. dollar cost divided by 
quality points), assuming compliance with contractual features 
of the proposal. It then selects and recommends a proposal 
for award based on cost and technology. [Ref. 20] "The 
selection is normally on the basis of lowest cost/quality 
ratio, however, sound judgement is applied in the final 
selection of a proposal to ensure that cost and other factors 
are properly considered in making an award in the governments 
best interest." [Ref. 20:pg. 4-3] 

1. TEB Composition 

The selection board is comprised of responsible 
personnel of an Engineering Field Division with advisors from 
Naval Facilities Engineering Command, Washington, DC. The TEB 
members are highly qualified representatives of the assigned 
functional areas (e.g., civil engineering). Below is a list 
of positions that might be assigned to a housing Technical 
Evaluation Board for a contract assigned to Western Division, 
Naval Facilities Engineering Command, located in San Bruno, 
California. [Ref. 23] 

Members 

WESTNAVFACENGCOM Chairperson Code 040H.4 
WESTNAVFACENGCOM Architect Code 040H 
WESTNAVFACENGCOM Architect Code 040H 
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WESTNAVFACENGCOM Mechanical Engineer Code 040H 

WESTNAVFACENGCOM Installation Representative 

WESTNAVFACENGCOM Housing Representative Code 08 

(Consultants if required) 

Advisors 

WESTNAVFACENGCOM Electrical Engineer Code 040H 

WESTNAVFACENGCOM Civil Engineer Code 040H 

COMNAVFACENGCOM National Team Advisor Code 05 

When the TEB reviews a contractor's proposal, each 

functional area (e.g., unit design, site design) is evaluated 
by at least two members of the board. This allows different 
individuals familiar with the functional area to review each 
factor from a different perspective and provides for a more 
thorough evaluation of the contractor's proposal. When a 
contractor proposal is received, the TEB is required to 
complete the evaluation within 12-15 working days. Because of 
the short time frame, EFD's have the option of hiring 


independent consultants to provide assistance in the 


evaluation process. 


C. FUNCTIONAL AREAS REVIEWED BY THE TEB 

As previously discussed, the Technical Evaluation Manual 
outlines what functional areas the TEB must evaluate when 
reviewing a proposal. There are presently four areas that 
must be reviewed. The members of the board will take one of 
the four categories, such as Site Design, review the site 
design requirements that are outlined in the RFP and evaluate 
the proposal to determine if the contractor met the minimum 
requirements of the RFP. After the review, the Board will 
assign a point rating as outlined in Appendix F for that 
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particular function and perform a review of the next 
functional area. The four functional areas combined will 
total 1000 points. Appendix F also lists the four functional 
areas and their sub categories that are considered during the 
review. The four functional areas that are outlined in the 
Technical Evaluation Manual are: [Ref. 20:pp. 4.4-4.14] 


Site Design-"This area of evaluation includes overall 
planning, layout, design and development of the housing 


Site(s). It embraces considerations of community 
appearance, compatibility of grounds and buildings, solar 
orientation, functionality and livability. Generally, 


excluded are considerations of the relative quality of 
materials, with the exception of landscaping, which 
includes numbers, types and quality of planting other than 
ground cover." Maximum 200 points 


Site Engineering-"This area is limited to consideration of 
quality of materials and engineering aspects of operation 
and maintenance, unless otherwise specifically indicated. 
Utility systems are to be evaluated up to the five foot 
line of the housing units. Layout and design 
considerations for utility systems are evaluated under site 
design." Maximum 100 points 


Dwelling Unit Design-"The factors and elements considered 
herein deal with the planning and design of the dwelling 
units, aS opposed to durability of the materials and 
engineering considerations. Considerations are given to 
(1) the interaction of the individual housing unit to 
people, (2) the amenities associated with livability. 
These latter include such items as_ separation of 
activities, convenience, orderliness, logistics, leisure, 
bathing, food handling and sleeping, (3) the overall 
aesthetics of the housing unit and (4) the degree to which 
the unit blends with those outdoor features of living 
normally associated with (specific site(s) name) ." Maximum 
500 points 


Dwelling Unit Engineering and Specifications-" Dwelling 
Unit Engineering and Specifications will evaluate the 
quality of the proposed construction materials and 
equipment and the technical adequacy of the engineering 
features and product specifications including energy 
conservation characteristics." Maximum 200 points 
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1. Acoustic Areas Identified By RFP And Reviewed By Teb 
When Conducting Evaluation Of Four Functional Areas 


The TEB is responsible for reviewing various 
specifications and standards that specify minimum acceptable 
requirements for a dwelling unit. One area that is minimally 
addressed in the RFP process is acoustic factors. Acoustic 
factors, while not specifically addressed in the evaluation 
manual as a functional area, is addressed by integrating known 
RFP requirements into a functional area. An example of this 
is the Dwelling Unit Design function. As defined in the above 
section, the unit design includes items such as separation of 
activities, sleeping and amenities associated with living. 
The definition, however, does not specifically address the 
relationship with acoustic protection. It is here that the 
TEB must review the RFP to determine how areas like bathroom 
design, bedroom design, floor and wall systems with acoustic 
requirements relate back to the Dwelling Unit Design 
functional area. Because the Technical Evaluation Manual is 
not explicit on what categories should be reviewed when 
discussing acoustic suppression, the evaluating process tends 
to let the evaluator define the priority of acoustic needs 
verses the need to review for constructibility and appearance. 

While acoustic protection is but one small item in the 
evaluation process, [Ref. 23] the TEB is still supposed to 
review the items identified in the RFP. The following list of 
acoustic concerns is generated from a review of various RFP's. 
[Ref. 14 and 20] The list identifies areas that are 
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specifically identified as acoustic requirements. Many other 
areas in the RFP have potential or specific acoustic 
characteristics, but are not identified on this list because 
acoustic considerations are not their primary purpose. 
Examples of these are pipe penetrations in walls or floors, 
or flexible tubing on vibrating equipment. If not properly 
addressed for acoustics, sound transmission in the form of 
tapping, airborne sound or vibration can travel from one room 
to another. 
2. RFP Items Required To Be Reviewed By TEB 
1. Bedrooms-Privacy, both visual and privacy is required. 
(l1.e. use of closet, bathroom and/or sound insulation) 


(Ref. 13:pp. 2-21] 


2. Medicine cabinets- recessed wall cabinets are prohibited 
in party walls. 


3. Floor System- Party wall/Ceiling system: Design in 
accordance with ASTM E90 and E 497, STC-52, IIC 60 (Ref. 
13: pg. 26] 


4. Wall System- Party wall: design with minimum sound 
attenuation rating of STC-55 in accordance with ASTM E 90. 
feet. I3itpg. 27] 


5. Entrance Doors-1-3/4" thermal metal/ solid core wood. 
STC 30 minimum. [Ref. 24] [Ref. 13:pg. 30] 


6. Electrical Panels- prohibited in fire/sound rated walls. 
7. Plumbing/HVAC-shall include design provisions such as 
location, enclosure and acoustic treatment to minimize 


transmissions of noise generated by equipment. [Ref. 25:pg. 
33] 
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V. CONCLUSION 


This thesis was undertaken to examine the Naval Facilities 
Engineering Command's existing acoustic design practices for 
Navy Family Housing construction projects. The approach to 
this task was to first examine why NAVFAC uses acoustic 
suppression requirements, and amends the existing building 
codes to provide the same protection to all its users. This 
was followed by an examination of the subScribers and users of 
the Turnkey process. This enabled an analysis of the 
perceived effectiveness of NAVFAC'sS acoustic suppression 
process. Conclusions from this analysis are discussed and 


recommendations are identified in the chapter. 


A. SUMMARY 

Based on the analysis of the Naval Facilities Engineering 
Command's acoustic suppression process for family housing, it 
is concluded that NAVFAC requires noise suppression standards 
in all DOD housing construction in the form of a base line 
building standard. The standard of STC 55 for party walls and 
IIC 60 for party floor-ceiling assemblies exceed those 
specified in the Uniform Building Code. It appears that 
NAVFAC requires more stringent standards because, (1) of the 
increase in noise environment, and (2) the lack of information 
and emphasis placed on the subject by the Uniform Building 
Code. 
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This thesis did find that the Naval Facilities Engineering 
Command does require standards that exceed the Uniform 
Building Code, and there are design manuals and handbooks 
which discuss acoustic protection. It is concluded, however, 
that NAVFACENGCOM should do further research on the 
recommendations made regarding the improvement of the Turnkey 
process, and provide additional acoustic protection in the 


design and construction of housing units. 


B. RECOMMENDATIONS 

There are five recommendations for the Naval Facilities 
Engineering Command to consider. These issues are 
incorporated into three areas. 

1. General 

This thesis found a discrepancy between the 

determination of the new housing locations Level Day Night 
(Ldn) rating expressed in decibels and the sound transmission 
class rating of the exterior wall of a dwelling unit. When 
the Ldn level is determined during the creation of the base 
master plan phase, there is no reference to an equivalent of 
California Administrative Code's interior CNEL level for any 
rooms like the bedroom in the RFP specifications. It is 
recommended that NAVFACENGCOM implement a practice similar to 
this California code because it requires designers to consider 
not only external environment noise, but also internal 
generated noise from within the dwelling unit. The designer 
would be required to address the noise levels of home 
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appliances, and this would change the acoustic design of all 
interior walls, floor-ceiling assemblies and ceilings. 

Research should also involve determining which STC and 
TIC ratings provide the end user the most benefit at the least 
cost marginal cost to the customer and government. 
Conversations with WESTNAVFACENGCOM personnel indicates that 
all party walls and floor-ceiling assemblies in dwelling units 
are designed for STC 55 and IIC 60 to provide all users the 
Same benefit. No empirical data or support however, could be 
provided to determine why a rating of STC 55 is more cost 
beneficial to the government than say a rating of STC 60. A 
study should be initiated to determine how much a resident, or 
in this case the government, is willing to pay in order to 
receive additional protection from social externalities. With 
the increasing use of home appliances and light weight 
materials, the present STC 55 and IIC 60 ratings might be 
considered inadequate protection for present and future noise 
suppression. 

2. RFP Process 

This study found that the general wording of the RFP 
did not point out to the conractor the importance of acoustic 
protection during the Turnkey design process. A review of 
various RFP's indicate that the government does not view 
acoustic protection to be a major item or concern, and a 
contractor involved in the Turnkey process should focus not 


only on constructibility and esthetics, but also energy 
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efficiency and reduced maintenance. The areas of energy 
reviews and reduced maintenance considerations are further 
outlined for the contractor during the design evaluation 
process, but at best there is only slight emphasis placed on 
acoustic needs. 

ar TEB Review Phase 

This study found that a discrepancy also existed 
between the Technical Evaluation Board (TEB) review procedures 
for acoustic reviews and the intent of NAVFACENGCOM. In 
discussions with WESTNAVFACENGCOM personnel, the review of 
contractor housing designs with respect to acoustic 
Suppression characteristics 1S only given slight emphasis. 
(Ref. 23] When a designer submits a design and states that 
the design meets all specified STC ratings, it appears that 
the reviewing members on the TEB will assume acoustic 
compliance is adequate and not review acoustic suppression on 
the level it requires. 

One way to provide a full scale acoustic review is to 
use of an acoustic consultant. NAVFACINST 11101.85 highly 
recommends consultants as members of the TEB. It appears from 
discussions with WESTNAVFACENGCOM that acoustic consultants 
who have participated as TEB members have reviewed designs for 
chapels, theaters and auditoriums, because acoustics were 
considered a critical element in the design phase. It is 
recommended that NAVFAC use of consultants in the TEB phase 


for acoustic review as well as for other critical elements. 
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If this is not cost beneficial to the government, the other 
alternative is to require the contractor to have an 
independent acoustic consultant review the design and provide 
the government a report along with the proposal. The report 
would tell the government what the consultant reviewed and the 
consultant would have to certify that the housing design meets 
or exceeds the intent and specifications in the RFP. 

The final recommendation concerns the format and 
content of the TEB evaluation manual. It is recommended that 
this manual be revised to include either an additional 
functional area which addresses external an internal acoustic 
requirements, or insert definite acoustic review procedures 
and criteria for each of the existing functional areas. The 
present manual implies acoustic review, a in the bedroom area, 
but the manual does not tell the Technical Evaluation Board 
what in particular to look for and consider. This manual 
should have a check off list of items to be reviewed, such as 
acoustic caulking for pipe penetrations, flexible tubing for 
vibrating appliances, and buffer areas between units and 
external noise sources like airports. The basic check list 
should include factors like these as well as general criteria 
like the ones identified in NAVFACENGCOM's Design Manual 1.03, 
Architectural Acoustics dated May 1985. This check list could 
be inserted into the RFP to indicate that the government is 


serious about acoustic suppression, just like it is about 


48 


energy efficiency. Some examples of the type of questions 
that need to be addressed in the general check off list are: 
a. Building Layout 
1. considering the external noise level has_ been 
determined, (Ldn or CNEL) have noise-generated and 
noise sensitive spaces been identified? What are they? 
2. Has building ‘layout been responsible to various 
building functions? 
b. Mechanical Equipment 
1. Has equipment been located and evaluated for noise 
level? 
2. Has noise control been incorporated into building 
design for the equipment? How? 
c. Plumbing 
1. Have plumbing noises been identified? 
2. Has design been responsive to plumbing noise problems? 


How? 
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APPENDIX A 
ASTM STANDARDS 


Standard Test Method for Laboratory 
Measurement of Impact sound Transmission 
Through Floor Assemblies Using the Topping 
Machine 


Terminology Relating to Envision mental 
Acoustics 


Test Method for Laboratory Measurement of 
Airborne Sound Transmission Loss of Building 
Partitions 


Classification for Rating Sound Insulation in 
Building 


Test Method for Measurement of Airborne Sound 
Insulation in Building 


Standard Classification for Determination of 
Impact Insulation Class (IIC) 


Method for Laboratory Measurement of the Noise 
Reduction of Sound - Isolating Enclosure 
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APPENDIX B 
SOUND TRANSMISSION CLASS ASSEMBLIES 
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Single wood studs 24° 0.c., single layer 4" type X gyp- 
sum board each side, 1%" Sound-Pruf™ tn stud 4/ 
cavaties. 
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Single wood studs 24” 0.c., single layer 2” type X gyp- 
sum board on one side, single layer %” type X gypsum 
board on opposite side, stud cavaties filled with 
Sound-Pruf.™ 


Single steel studs 16” 0.c., single layer %2” type X gyp- 
sum board on one side, single layer %" type X gypsum 
board on opposite side, stud cavities filled with 
Sound-Pruf.™ 
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Single wood studs 16” 0.c., single layer 2” type X Gyp- 
sum board on one side, single layer %" ES board on 
Opposite side, stud cavities filled with Sound-Pruf.”” 


Single steel studs 16" 0.c., singie layer “2” type X gyp- 
Sum board on one side, single layer %" type X gypsum 
board on opposite side, 12" Sound-Pruf™ in stud 
cavities. 





oingle wood studs 16" 0.C., Single layer Ys" type X gyp- 
Sum board each side, stud cavities filled with 
Sound-Pruf.™™ 
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single steel studs 16" 0.c., single layer 2" type X gyp- 43 
sum board each side 1%” Sound-Pruf"™ in stud cavities. 
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single steel studs 16” 0.c., single layer 42" type X gyp- 
sum board on one side, double layer 4” type X gypsum 
board on opposite side, 1%" Sound-Pruf™ in stud 
Cavities. 
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Single wood studs 16” 0.c., singie layer %6" tyoe X gyp- 

sum board on one side, double layer %" type X gypsum 

board on opposite side, stud cavities filled with 
Sound-Pruf.™ 


Floor Panel, single 2” x 10" floor joists 16" 0.c., Ya" wafer- 
board sub-floor, 2" particle board main floor, carpet, 
pad, single layer %" type X gypsum board mounted on 
resilient channels, 2” Sound-Pruf™ sprayed in joist 
Cavities. 
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same as above but 1” Sound-Pruf’” instead of 2”. 


Double wal:, single tayer Ye" type X gypsum board on 
each side of single wood studs 24” 0.c., 1%" Sound- 
Pruf™ in stud cavities, 1” air gap, single wood studs 
24” 0.C., singie layer “2” type X gypsum board on one 
Side, single layer %" type X 4, asum board on opsosite 
Side, stud cavities filled with Sound-Pruf.™ 
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single wood studs 24” 0.c., single tayer 2” type X gyp- 
Sum board on one side, mounted on resilient channels, § 
single layer %" type X gypsum board on opposite side, 
Stud cavitie. jilled with Sound-Pruf.™ 
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single wood studs 24” 0.C., single layer “2” type X gyp- 
Sum board on resitient channels on one side, single layer 
Yo" type X gypsum board on opposite side, 1%” Sound- 
Pruf' in stud cavities. 
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single steel studs 16” 0.c., Single layer %s” type X gyp- 
Sum board on one side, single layer 2" type X gypsum 
board mounted on resilient channels on opposite side, | 
Stud cavities filled with Sound-Pruf.™ 





YUSITORSPAPGPAVSPANASUNUEUDUTUDRSUSAYAYUSAYUYUYCGNINNUFIT9AS 2% OA%Z0a$uSatasaguraruszras 


qo 
ae) 


ep 













WA 
bho 


APPENDIX C 
REQUEST FOR PROPOSALS 


53 


SMO: TAM:021.1E1 


STANDARD FORM 20 (Modified) : REFERENCE 


JANUARY 19613 ZDITION 


GENERAL SERVICES ADMINISTRATION 
FED. PROC. REG. (41 CFR) 1-16.40] Request Or Proposals 


N62474-84-R-4636 
REQUEST FOR PROPOSALS 


DATE 
(CONSTRUCTION CONTRACT) 30 AUGUST 1985 


MAME AND LOCATION OF PROJECT DEPARTMENT OR AGENCY 
100 FAMILY HOUSING UNITS Department of the Navy 
AT THE Naval Facilities Engineering Command 


NAVAL AIR STATION 
ADAK, ALASKA 


BY (lewing oftoe) WEStern U1Vv1sion 

Naval Facilities Engineering Command 

Po Ob Ox. cy, 

San Bruno, California 94066-0720 
Proposals in quantities specified in Paragraph 1C.3, Page 1-18 for the work 
described herein will be received until 2:30 P.M., Local Time, 25 October 1985 
at the Western Division, Naval Facilities Engineering Command, Building 208, 
First Floor, San Bruno. Cala tenure: 


CAUTION: Late Proposals - See the special provisions in this request for 
information related to late proposals. 


DESCRIPTION OF WORK: 

Design and construction of 100 family housing units in Government-owned land, 
complete with all required utility services, roads, walks, grading, drainage, 
and other site improvements as necessary to provide a complete and usable 
facility in accordance with furnished criteria. 


1. NOTE THE AFFIRMATIVE ACTION COMPLIANCE REQUIREMENTS FOR CONSTRUCTION 

CLAUSE" OP THIS =S0BFEITATION: 

2. NOTE THE CERTIFICATION OF NONSEGREGATED FACILITIES IN THIS SOLICITATION. 
Bidders, Offerors, and Applicants are cautioned to note the "Certification of 
Non-segregated Facilities" in the solicitation. Failure of a bidder or offeror 
to agree to the certification will render his bid or offer nonresponsive to the 
terms of solicitations involving awards of contracts exceeding $10,000 which 
are not exempt from the provisions of the Equal Opportunity Clause. (1978 SEP) 
3. AFFIRMATIVE ACTION FOR DISABLED VETERANS AND VETERANS OF THE VIETNAM ERA. 
ufferors should note that this solicitation includes a provision which will be 
included in the contract requiring the listing of employment openings with the 
local office of the State employment service system if the award is for $10,000 
ORenere. 

4. NOTE: This project has been identified as a potential FY 86 MILCON project 
Congress has not yet authorized or provided an appropriation for this project. 
The Government's obligation hereunder is contingent upon the authorization and 
appropriation of funds by the Congress and the receipt of those funds by the 
Contracting Officer. Absent such authority and appropriation, no award will be 
be made and this Request for Proposals may be cancelled. 

5. PREPROPOSAL CONFERENCE: A Preproposal Conference will be convened at the 
Western Division, Naval Facilities EngineeringCommand, 900 Commodore Drive, 

San Bruno, California, in the Navy and Marine Corps Reserve Center commencing 
at 1:00 P.M., Local Time, 11 September 1985. Attendees at this conference wil] 
be briefed concerning the Turnkey concept and will be afforded the opportunity 
to present questions concerning this project. Please advise this Command if 
your firm desires to participate in the Preproposal Conference. 


eee ge Pht pt ct et te et a 
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This Request for Proposals is comprised of the attached Specification No. 
12-84-4636 and all attachments thereto listed in Section 1A.2. 


FALSE STATEMENTS IN PROPOSALS: Proposals must set forth full, accurate, 
and complete information as required by this Request for Proposals 
(including attachments). The penalty for making false statements in 
proposals is prescribed in 18 U.S.C. 1001. 


NOTE: AWARD MAY BE MADE TO A FIRM OTHER THAN THAT SUBMITTING THE LOWEST PRICE. 


THIS PROJECT IS SUBJECT TO CONTRACTOR QUALITY CONTROL PROVISIONS. 


Pursuant to 10 U.S.C. 2304(g), the Government may award a contract based on 
initial proposals received, without discussion. Accordingly, initial proposals 
should be submitted on the most favorable terms, from a price and technical 
standpoint, which the offeror can submit to the Government. 
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Floors and STC and IIC Ratings 


STC 73 
iC 72 


STC 61 
HMC 40/IIC 70 W/ 
CARPET & PAD 


STC 60 
NC 40/IIC+75 W/ 
CARPET & PAD 


SIC S55 
HNC 34/IIC 70 W/ 
CARPET & PAD 


STC 54 
WC S5/IIC 70 W/ 
CARPET & PAD 


STC 50 
HC 45/IIC 65 W/ 
CARPET & PAD 


STC 50 
WNC 25/iIC 70 W/ 
CARPET & PAD 


STC 37 
NC 32/iC 67 W/ 
CARPET & PAD 


4" FLOATING SLAB 
2°-3# FIBERGLASS OR 
ELASTOMERIC MOUNTS 
8" CONCRETE SLAB 


12° CONCRETE SLAB 


6" CONCRETE SLAB 
16° AIR SPACE W/ 
LAY-IN CEILING 


6” CONCRETE SLAB 


3° CONCRETE TOPPING 
BAR JOIST 1/2" DRYWALL 
ON METAL CHANNELS 


3/4" T&G PLYWOOD 

JOISTS 3 1/2° FIBROUS 
INSUL. RESILIENT CHANNELS 
1/2" DRYWALL 


4° CONCRETE SLAB 


3/4" T&G PLYWOOD 
JOISTS 1/2” DRYWALL 
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4B. 


AB. 


SECTION 4. STANDARD TECHNICAL EVALUATION MANUAL 


TECHNICAL EVALUATION FACTORS: 


SITE DESIGN: MAXIMUM 200 POINTS 


This area of evaluation includes overall planning, layout, design and 
development of the housing site(s). It embraces considerations of 
community appearance, compatibility of grounds and buildings, solar 
orientation, functionality anc livability. Generally, excluded are 
considerations of the relative quality of materials, with the exception 
of landscaping, which includes numbers, types and quality of planting 
other than ground cover. 


SITE UTILIZATION AND DEVELOPMENT: 1-50 POINTS 

The project density in living units per gross acre is pre-established 
by the Project Scope and Composition (number of units and number of 
bedrooms). Within this pre-established parameter, elements of site 
design to be evaluated include: 

1. STREET AND BLOCK PATTERN 

2. STRUCTURE GROUPING AND VARIATIONS 

3. STRUCTURE ORIENTATION 


With respect to the prevailing winds, views, and taking into 
account the climatic conditions in the area. 


4. BUFFERING, PRIVACY AND OPEN SPACE 
SITE INTEGRATION: 0-10 POINTS 


Integration of physical flows and relationships between the site and 
surrounding, region. Continuity and compatibility of systems, patterns 
and aesthetics. (The transition between old and new.) Evaluation of 
compatibility with surrounding environment should consider relationship 
of development to regional climate and architecture. Optimum siting 
should provide reasonable transitions to and from surrounding, areas. 
Avoid visual orientations toward incompatible land use of areas. 


SOREET SYSTEM: 1-20 POINTS 
1. VEHICULAR CIRCULATION 
ACCESS AND TRAFFIC CONFLICTS 


SERVICE VEHICLE ACCESS 
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2. STREET DESIGN FOR SNOW REMOVAL 


PARKING: 1-10 POINTS 
1. QUANTITY AND PROXIMITY TO DWELLING UNITS 

2. DRIVEWAY/PARKING AREA LAYOUT 

UTILITY SYSTEMS: 1-25 POINTS 
Evaluate system design and layout. 

1. WATER DISTRIBUTION 

2. SANITARY SEWER SYSTEM 

3. STORM DRAINAGE 

4. ELECTRICAL DISTRIBUTION 

5. FUEL OIL STORAGE AND DISTRIBUTION 

SITE GRADING: ) 1-30 POINTS 
This factor considers the appropriateness of proposed grading plans 
including, but not limited to, efficiency of the surface drainage, 
fill, engineering economies, slopes and gradients. Considerations of 
aesthetic qualities of the grading plans are addressed under 
Landscaping. 

1. SURFACE DRAINAGE 

2. FILL 

PEDESTRIAN CIRCULATION: 1-15 POINTS 
This factor concerns the way in which the walkway system performs the 
function of transporting pedestrians from one essential location to 
another. 

1. TO BUILDING, PARKING AND REFUSE DISPOSAL 

2. TO RECREATION AREAS, SCHOOLS, AND COMMUNITY BUILDINGS 

GRASS GROUND COVER AND SOIL TREATMENT: 1-10 POINTS 


1. TREATMENT OF SOIL 


2. QUALITY/SUITABILITY OF GRASS AND GROUND COVER 
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{. RECREATION AREAS: 1-15 POINTS 
1. MAJOR RECREATION AREAS 
An open space within a minimum dimension of 50 feet having 
10,000 square feet may be considered an area for active 
recreation. A good plan should provide one such area for every 
50 to 60 dwelling units. 
2. PLAYGROUNDS AND TOT LOTS 


Playground site should be 600 to 2500 square feet, while tot lots 
should be about 1500 to 2500 square feet. 


Number, size, location and accessibility: 
Cover/Weather Screen Tot lots. 
3. ENVIRONHENT CONSIDERATIONS: 0-15 POINTS 
1. PRESERVATION OF NATURAL FEATURES: 


2. SITING OF BUILDINGS AND USE OF WINDBREAKS: 


4B.2 SITE ENGINEERING: MAXIMUM 100 POINTS 


This area is limited to considerations of quality of materials and 
engineering aspects of operation and maintenance, unless otherwise 
specifically indicated. Utility systems are to be evaluated up to the 
five foot line of the housing units. Layout and design consideration 
for utility systems are evaluated under Site Design. 

a. UTILITY SYSTEMS: 1-65 POINTS 


1. ELECTRICAL DISTRIBUTION SYSTEM: 
(Consider Component Quality and Maintainability) 


2. WATER DISTRIBUTION SYSTEM 
3. SANITARY SEWER SYSTEM: 
Quality of Pipe 
System Maintainability 
4. FUEL OIL DISTRIBUTION SYSTEM: 
Compatibility with existing systems, quality, and suitability 


of pipes, valves, pressure regulators, pressure reducing 
valves, etc. 
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4B. 


3 


5. STORM DRAINAGE SYSTEM: 


Grading for Overall Surface Runoff 

Underground System (Specifications) 
6. OUTDOOR LIGHTING: 

STREET LIGHTS 


AREA/WALK LIGHTING 


STREET CONSTRUCTION 1-10 POINTS 
PARKING AND DRIVEWAYS 1-10 POINTS 
RECREATIONAL EQUIPHENT: 1-10 POINTS 


Playground and/or Tot Lot equipment provided by proposer. Consider 
quality, quantity and appropriateness of equipment. 


ENVIRONMENTAL: ) 0-5 POINTS 
1. Does site provide for proper control of rain runoff? 
DWELLING UNIT DESIGN: MAXIMUM 500 POINTS 


The factors and elements considered herein deal with the planning and 
design of the dwelling units, as opposed to durability of the materials 
and engineering considerations. Considerations are given to (1) the 
interaction of the individual housing unit to people, (2) the amenities 
associated with livability. These latter include such items as 
separation of activities, convenience, orderliness, logistics, leisure, 
bathing, food handling and sleeping, (3) the overall aesthetics of the 
housing, unit and (4) the degree to which the unit blends with those 
outdoor features of living normally associated with Adak. 


DWELLING UNIT TYPE: 0-30 POINTS 
Use the following equation: 


NUMBER UNITS | VALUE FACTOR 
EACH TYPE EACH TYPE 
TOTAL UNITS = Gea 


VALUE FACTORS: 
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NUMBER UNITS/BUILDING 


EM | 2 BR 5 20 30 10 0 


| b. EXTERIOR APPEARANCE: 0-45 POINTS 
This factor considers the overall aesthetics of the building exteriors 
including: Variety of facades, visual effect of garages, fenestration, 
proportion/scale of building and building entries. 
c. OUTDOOR/INDOOR INTEGRATION: 1-30 POINTS 
1. Layout of facilities within the unit which enhance indoor/outdoor 
living. e.g., first floor egress/access of townhouse, and air-lock 


design. : 


2. Enclosed and roofed patios (consider use of materials and climatic 
desirability).. 


3. Privacy Fencing 
d. STORAGE: 1-25 POINTS 


Consideration must be given to size, location and utility of all 
storage areas. 


1. EXTERIOR BULK STORAGE 
2. INTERIOR BULK STORAGE 
3. CLOSET (LINEN, COAT, CLOTHING) 
e. GARAGES: 0-25 POINTS 


Aesthetics are considered under b. Give consideration to size and 
access to living units. 
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FUNCTIONAL ARRANGEMENT: 0-40 POINTS 


Does the floor plan of the unit provide desirable relationships between 
living, food handling, sleeping and bathing areas? Does the 


relationship of the areas conflict with or enhance each other? Are the 
logistics of home operation considered (entrance to unit, 
furnishability, etc.)? Are the special environmental considerations 
considered in unit design? In all of the above, consideration must be 
given to the family size which dictates unit size. 

CIRCULATION: 0-15 POINTS 

1. Accessibility without disturbing other activities. 

2. Ease of furniture movement (particularly at stairs & vestibules). 
APPORTIONING OF SPACE: 0-20 POINTS 

1. Maximized livability and efficiency of household functions. 
LIVING: 1-35 POINTS 
Considerations of interior design, which enhance the individual and 
family group aspects of recreation, leisure and entertainment. 
Consider window and door placements, furnishability, traffic patterns 


and clearances under use conditions. 


1. Family Room/Secondary Dining - Add points when provided. 


2. Possibilities for joint or concurrent separate activities. 
SLEEPING: 1-35 POINTS 


1. Bedroom Size (Add points for area and/or dimensions in excess of 
specified minimum). 


2. Privacy (visual, acoustic). 

3. Ceiling light fixture. 

4. Furnishability. 

BATHING: 1-15 POINTS 


1. Number and Size (Add points for that in addition to minimum 
specified. ) 


2. Accessibility (guests, master bedroom) 
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1. FOOD HANDLING: 1-35 POINTS 


It can be said that nearly all of the activities of the family group 
are heavily affected by the design quality of the food handling area. 
Considerable initiative and innovative approaches to the design of this 
area can be achieved to enhance this major logistics and control area. 
Keep in mind the additional time to be spent in this area due to 
adverse environment/climate considerations. 





1. Efficiency 
2. Storage 


3. Eating/Service counter. 


UTILITY AND WORK AREAS: 1-15 POINTS 


Address provision for washers and dryers and freezer in an area of the 
unit which provides for efficient circulation and yet does not infringe 


: 4. Privacy (Visual) window/door size and location. 
m 
on other functions. 


1. Size, layout and location (Add points for areas suitable for 
ironing and/or: light hobby work). 


n. ENERGY CONSUMPTION ANALYSIS: 0-30 POINTS 


| 
Percent energy performance limitation met by proposal: 


% /iess than -70 /70-/79/80-89/90-99/100-109/110+ / 
Points/ 0 AE NOR/ So eee O ie. ff BO 


(NOTE: points assigned as indicated and not interpolated 


Oo. ALTERNATIVE ENERGY SYSTEMS PERCENT REDUCTION O-15 POINTS 


(Net reduction of Baseline energy consumption analysis) 


% reduction /less than -10 /10-14/15-24/ 25+ / 
Points / Queue + 10 fc lowes 


p. WINDOWS, DOORS, AND HARDWARE: 1-25 POINTS 


Evaluate suitability and aesthetic qualities of proposed windows, 
doors, and hardware. 


1. WINDOWS AND WINDOW COVERINGS 


WINDOWS (INCLUDING SCREENS) 
(Consider Finishes) 


WEATHER HOODS 
aA 


WINDOW COVERINGS AND FIXTURES (including insulated shades | 
and blinds) 


2. DOORS 
Interior Doors (including interior vestibule door.) 
Exterior Doors 
Garage Doors (Roll-up or Sectional) 


3. HARDWARE 


Materials 

Finishes 
CABINETS AND COUNTERTOPS: 1-10 POINTS 
INTERIOR PLUMBING: 1-5 POINTS 


1. System Layout 
INTERIOR ELECTRICAL SYSTEM: 1-5 POINTS 


Evaluate system for functional arrangement, layout, design and 
economies. 


1. System Layout 
2. Fixtures 


HEATING AND VENTILATING 1-10 POINTS 

1. System Layout 

FINISHES: | 1-20 POINTS 
Evaluation shall consider the maintainability... ducaniers and quality 
of the finishes, materials and features incorporated in the items and 


systems offered, with particular emphasis placed on household 
maintainability. 
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4B.4 


1. FLOORING 

2. EXTERIOR WALLS 

3. INTERIOR WALLS 

OTHER MISCELLANEOUS FEATURES: 1-15 POINTS 
DWELLING UNIT ENGINEERING AND SPECIFICATIONS: MAX 200 POINTS 
Dwelling Unit Engineering and Specifications will evaluate the quality 
of the proposed construction materials and equipment and the technical 
adequacy of the engineering features and product specifications 
including energy conservation characteristics. 


FOUNDATION SYSTEM: 1-15 POINTS 


Evaluation shall consider the foundation system provided, quality of 
materials and construction details. 


1. PERIMETER WALL (Crawl Space) 


2. PILES 
FLOORING SYSTEM 1-10 POINTS 
WALLS (INTERIOR, EXTERIOR, PARTY) AND CEILINGS: 1-20 POINTS 


1. CONSTRUCTION 

2. INSULATION (Thermal and Sound) 

3. SHEATHING 

ROOF SYSTEM: 1-10 POINTS 
Evaluation of the roof system shall address structural and 
quality factors, including maintenance considerations. The 
roof system consists of the framing system (including eaves), 
sheathing, roofing and flashing. 

1. FRAMING 

2. ROOFING AND SHEATHING 

3. FLASHING 


WINDOWS AND WINDOW COVERINGS/HARDWARE 1-25 POINTS 


Windows and hardware shall be evaluated on the basis of quality of 
materials and maintainability. 
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1. WINDOWS 


2. WINDOW COVERINGS /HARDWARE 
3. WEATHER HOODS 
DOORS (Including Hardware): 1-15 POINTS 


Doors and hardware shall be evaluated on basis of quality of materials 
and maintainability. 


1. EXTERIOR DOORS 


2. INTERIOR DOORS 


3. HARDWARE 
CABINETS AND COUNTER TOPS: 1-10 POINTS 
PLUMBING SYSTEM: 1-10 POINTS 


Evaluate quality of materials and maintainability. 

ELECTRICAL SYSTEM AND TELEVISIONS SYSTEMS: 1-10 POINTS 
Evaluate quality of materials and maintainability. 

1. FIXTURES (Corrosion resistant exterior fixtures. ) 

HEATING AND VENTILATION: 1-15 POINTS 
Evaluate quality of equipment and maintainability. 

MAINTAINABILITY: 0-35 POINTS 
Consider maintenance reducing qualiietes of proposed materials, finishes 
and systems. Use of higher or quality materials and techniques to 


reduce repair and replacement efforts is highly desirable. 


1. EXTERIOR FINISHES (WALLS, ROOF, TRIM) 
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2. DOORS, WINDOWS AND HARDWARE 

3. INTERIOR FINISHES AND TRIM 

4. BATHROOMS AND KITCHEN FIXTURES 

5. UTILITY SYSTEMS INCLUDING HEATING AND VENTILATING 

ENERGY CONSERVATION: 0-15 POINTS 
1. TRIPLE GLAZING AND/OR STORM WINDOWS 

2. LOW INFILTRATION WINDOWS AND DOORS 

3. HIGH EFFICIENCY BOILERS 

4. MISCELLANEOUS 


APPLIANCES: 0-10 POINTS 


1. Add points for appliances, and/or quality, provided over minimum 
specified. 


i 


bs Ie 


12. 


13. 


14. 


REFERENCES 


Natsuhara,K., and R.M., Analysis of Uniform Building 
Code, Naval Postgraduate School Masters Thesis, 


December 1989. 
Sweets Building Catalog, 1990. 


Commander, Naval Facilities Engineering Command, 
"Architectural Acoustics," Design Manual 1.03, May 
ste hsheyr 


American Society for Testing and Materials, Vol. 
04.06, 1990. 


American Society for Testing and Materials 
Standardization News "Sources of Noise," August 1988. 


Newman, R.B., and Cavanaugh W.J., Acoustics-36, "Sound 
Reinforced System, Code Requirement,". 


Ove, B., The Journal of the Acoustical Society of 


American Vol 36, #4, "European Experience with sound 
Insulation Requirements," April 1964. 


Phone conversation Tom Rutherford, OSD, and Author, 31 
January 1991. 


Walker, K., "Report of the INTERNATIONAL WORKSHOP ON 
NOISE AND THE BUILT ENVIRONMENT," May 1986. 


Rose, F.P., Journal of the Acoustical Society of 
America, Vol. 36, #4, "Owner's View Oint in 
Residential Acoustical Control," April 1964. 


Bolt, Beranek, and Newman, Inc. "HUD Noise Assessment 
Guidelines, technical background," March 1986. 


Waller, R.A., Applied Acoustics, "Economics of sound 
Reduction in Buildings," March 1968. 


Commander, Naval Facilities Engineering Command, "NAVY 
FAMILY HOUSING PROJECTS DESIGN~BUILD TURKEY 
STANDARDS, NAVFACINST 11101.85F," 30 October 1990. 





Western Division, Naval Facilities Engineering 
Command; Request for Proposal N62474~85~-5490, "PROJECT 


HO12 For the Development of 446 Units," 20 April 1988. 


76 


JLiSye 


16. 


i7. 


18. 


19. 


20. 


2). 


7 


Zo. 


24. 


25. 


Newman, R.B., and Cavanaugh W.J., Acoustics-38 "Code 
Requirements". 


Rettinger, M., Acoustic Design and Noise Control Vol. 
I, "Acoustic Design," 1977. 


Rettinger, M., Acoustic Design and Noise Control, Vol. 
II, "Noise Control," 1977. 


Reynolds, D.D., Engineering Principles of Acoustics, 
"Noise And Vibration Control," 1981. 


American Society for Testing and Materials, 1990. 


Western Division, Naval Facilities Engineering 
Command; Request for Proposal N62474-84-r-4636, "100 


Family Housing Units at NAS Adak, Alaska," 30 August 
P'S. 


Letter from Richard C. Armstrong, Chief, Engineering 
Division, Directorate of Military Programs, U.S. Army 
Corps of Engineers, 21 February 1991. 


Western Division, Naval Facilities Engineering 
Command, Source Selection Process Organization Chart 
for Contract N62474-85-R-5490. 


Phone conversation with WESTNAV FAC ENGCOM personnel 
and Author 2 May 1991. 


Bush, V.R., Hand Book to the Uniform Building Code, 
1988. 


Military Hand Book, "Family Housing," MIL-HDBK-1035, 
15 June 1989. 


77 


BIBLIOGRAPHY 


Cremer, L. and Muller., Principles and Applications of 


Room Acoustics, Vol I and II, Applied Science 


Publishers,' London, 1978. 


Porges, G., Applied Acoustics, John Wiley & Sons, New 
York, NY., i977. 


Ramsey C.G., and Sleeper, H.R., Architectural Graphic 
Standards, Fifth Edition, John Wiley & Sons Inc. New 
York, NY., June 30, 1970. 


Smith, B.J., Environmental Physics, "“Acoustics," 
American Elsever Publishing Company, Inc. New York, 


NY. , 26971. 


Stiglitz, J.E., Economics of the Public Sector, W.W. 
Norton & Company, New York, NY. 1988. 


Time-Saver Standards, "A Handbook of Architectural 
Design," McGraw-Hill, for 4th edition, 1966. 


78 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 52 
Naval Postgraduate School 
Monterey, CA 93943-5000 


ATTN: Western Division 

Wallace Sutherland, Code 04 

Naval Facilities Engineering Command 
900 Commodore Drive 

San Bruno, CA 94066 


Naval Facilities Engineering Command 
Attn: Janet M. Niederberger 

New Family Housing Program Manager 
200 Stovall Street 

Alexandria, VA 22332-2300 


Professor Paul Carrick AS/Ca 
Naval Postgraduate School 
Monterey, CA 93943-5000 


William Gates, Code AS/Gt 
Naval Postgraduate School 
Monterey, CA 93943-5000 


LT James F. Stader, CEC, USN 


1508 Gordon Cove Drive 
Annapolis, MD 21403 


79 























Thesis 
S66987 
All 





Stader 

Economic analysis of 
understanding and imple- 
menting design criteria 
for acoustic suppression 
in military residential 
units. 


4% FS walip $f gt Brees Fe wed 


' DUDLEY KNOX LIBRARY 
beaut te ye Re aoe J ot 


: mans 
Seid fiat hy 
¥ 
a4 " ae tpt el neat ey 


, ; t u Pie F a 
2 TT ae 
fe Feces Poe sees era | | NW || HHH | | , ee oe 
ig ee ae, H | HH AIT | ill | MI $ Aes ; 
Cater h ied Avista ¢ ioe AP HT WETTER Bs ; 
: Hf 
tf te ih — 



























sae Aa 3 2768 00036907 8 








3 ke. co 






















































































































‘é s ' ‘ be 
‘ 
ay ; : t 
adda. C hie Bide at : ae #*  <inae ‘ a's 5 . 
ok ll gi’ Lh ‘e Cot “h $ “4 a's a 2! he «ns 4 = ; , ' ' 
cae ees Sb EF Pith : ae ” eed ‘, oF wit , ‘ a ' Oe ane é ‘ { re ' i ‘ 
eee hes 2h oe 5 z A $  & J “pe ‘gta t . i ° ' 
Ob heb Ee ae ie Pad $ Stee ULE te 18 t Mees eG oe Por uo 4 oe 
5 Ps je ae 2 ad CHa vie's Sea MOE aun HHO, Mit oY aw : 
ae to iets en is Mad é a Tes Bee RAO SPER ERY AS aR BIO Whi, Lately fell! OSS ptt 
. “fp ‘ ip  &* Ws Pa) ed 4 Y : . 
oe ee acer MES, Pe yy . pate AUR ee Rena Siew Cub or sebe ten , * Ge Rab fiaca" e's el ’ ‘ 
“pte Guten cals hs és: wade! tea b, § 828 ONS ar oof 5 ASP 808 Fal) Cig tee iw eed aes ; mp. 4 ; pone 
ite + Pt SI iNet ieee thy @ EE es Bae 8 FAS Wh a", gay! rin ety yw PvE 2S i. Fa of i : ts ; A 
wie le an ' oe; ey “GAP Cet Se eee Susgh tee *¢ S se ’ « a ’ ay ' 
a J - = a 5 a ss, ff * é a 4 s 
Seen ey Myers Ris te "fr. 6:64" 5 ween oh tees a ae $ eee a ' ‘ ’ cee 
vrs $ “454 Mecce Oe PPM fF. Fed 4 Sh Ppp tery Pedi L* "5 ' ed ¢ ‘ Beane Corr are ne ; ! ‘ 
Pe 1d Ne Ea " iE om #3s it AAS Fe rey ty Tee Pe eons att 44 * & sye,t Lh ry Se sae * ¢ 
Surry ve . 6. ee iy » RPP a a ee ELF eat PU ct ae oe a “4 (els ¢ ra] op peg ? an 
errs hee ig 5 ace f Feu ie er ES Me Ot Pete ees thy RAI ; ; x ‘ ; P ‘ oe . 
ba at bares é * 7 J 5 L te : . . 
nese bani ERIS 6.0 yte'¢ as, yal. Ae fat cA ene Ts y a i a ae « Breasts t f e ai re bm | 
ee ee tha A RL A Rr Neat | Ee Bie * o's 4 a gan : Fer Hf F are Aa tes . . 
re As Po ye ef Sorgedeng 7 A Si Al be Sat te ori ll a4 wo « tf cif Phade i a4y : : 4 ; t , ao 
eee pope bee eee < G8 Oe oes hi APL; Fist SBR o ; Pee. P| , ro eeu tear PE et Uk hg beac ' Cre ae 
al 3 oo dag 4 a i , = P f 4 Te é ? afte t . ' ' 
Bees se BO eae R Diet ies iasean lacsnc dit A « i ee ee a 
a ‘ bast abe; arte . = a” ae 4 & ? quays a ae , 4 ace ot “10 : 
iF? Mei a 6 OAH Wh. 6K a A Cd = ah Ca a a ‘ a 2 f “ F aa ‘ 
fn TS ee ps SN NS bh hep a ws Riber is ee ke es ff Ra A Rothe foes oh Pe, oe trratored p pen ae gays yy of ves ae Pk ae 2 ¢ a ae ‘a cee ' 4 
wiere/ peepee Papeete winds OF. F hae Ale 40 0 %, pus sie oie ; R, ee f 4 dy Ce tae ac (fees og tit? A: e Baa i i er oO: a 4 ‘ ‘ 
Pee Dat Phe palin es fiat ete : Ma faba iai hie 5 ne A ono ard YTS 6 CP uF fre? 
. : a W Tan) ee to ' , ’ : “e ° Sas 
Sine aoiee ees hy NL ange Pile fees See Be ce are oY e ff ys tf watete ees C r wee’, Aas vs : ‘ ae mice nih Os ae: $ ee 
ole el ay <a b d Fc aS : tae re 5 eee a are " eee 
Tan od deren atest aly sas chant foe ee fin. Ae ft H $ive id rata vas, eo ° edits Ay ? ee ? ce eee ye Ae $, 
Seth he pinnae tends eee en tate pee NeNs ied Cate wy gra nna if ore. is Rate foe Mgt fe at * of it tans Y ne 
a a Pepa joke, ; it elit 5 Oe le i $0" td head 9 hf aie “f Lee's 
SS Ree TaN Bon ee sins ee ah Sa a AR htxes ig eke a ie 24 as oy ne i. ae é we hy oe : ¥ aus 
Sel aed + op oe . is ws “i af ¢ was Brae ae aad 
wp pet eared poke reigind of eid pee eit “fale adel oo LK He a taetanc! Lost b ee tip Cod ete ste " ee 4 faut F “ #4 * 7. Brake 
beth ne iB ant erste! $4 a: eye Scie he Aue A Sne HO eA og ize fd eet eee 6 * bP ve of R SV eieie wks 
WA FA Bul od bon Bong we, cate ee % 8 Ie? at & Bi vtee 5 a ec Mv ML as ‘a ier, q Ott ot wy 
Tosti are £ RSE, erie afta aknep by ieee! % < PS ae “£9 ¢E bw e , w, Oy ere a ae at es Aare 
watts tb @ by Ceitee PP SE ve genet CRM Pragiag 
ay Ip eat a Tae f re a aa Pare a - 
byw giscalersg A a er e Sei nf ep Prerencicig 
papal tS 0 “6 tae el Lie aR OPS ST ype Sith 4 
7 : efi da: ¢’ f fioue lita ELS 5 FI ‘ Riv iiss eg 
Bee aes ehaohan ie idee peat e Pra ee eh 2 ote : wats qrrete pei auie “s t's 
a eet ots Abed terete j Et Grd tad) - Df tm efe fete Fei ae I sts 'g sf hte dae. gay 
ANG di Kia 6 Fey wk pa og ; gies Hiss SH soe gk y CC OLDE EY RiSd FHKE tes of, ee a ee 
ee Of Mee, WA md c a e 4 Pee OH ode o cg ite alt ona = Doan ffs 
Fro teldi et Sebratangph a. ye ieusine wen 1 a i p otis - ; j ten edn : 
sah seer a Rey: FE RG AK, Aree whee uy ay = ih a - ate oe en iP ues 
© And (RG Ob OVrhep*e | Ne 4: Pt abe Dia oe! , : - 4 _ j * od 8 ; at * As é 
no tn it alk APTA RAINS gee 2: 26 ik o be ae eo apf sha ye a5 4 Ci oidedl ot AE A St oe ¥G0 06 Mey cn 5 
thokca hs a! PAP at ahh boar eo PR Ota MARS a bady: oe : ava if # ¢. ; 4 sal wh ge . 
oe OTR Rotad Sa ep oe Nee eine serio & er Pod Vo i werd x ‘4 e e a4 Pritt 4 FON “9 vf iF = “eve t ' 
1d ahs at poe ete’ pine: pat Bl tig “AP i haa wt wield’ + fied told Bos 3 ey taper eae 
Cg) jena! a, a a be be Ce Os” a6 OUP Fa Seg, oA Shag Perera 
Reeth ONDE. clave g: pat ite ray 70m eater e . LNG OP a Rasy wh ch th ty ar 4s 
ay pel iy ret Banh afc ohne dys otc 6 ub its neta hte ge Blt che Pat 
ES Py wotnte UE AE 20-0 FP abor nee euwt BNE 





Seale a # cay: leat 
Ota eg. Le Pe ye tra rete tbls We o0F, atalpr ‘at 
Seipieiprtiauectent deters o*, Bows rs ee 
Bray i ieaa RNS ah AAAs Ase 
Heath ttiathenamiincants Rand aha dS ode toaa bel en Sas Hh 
2? 





P ats fats 


af $eddtie’e hrs Sah ales ear "6 io wae ree 














ae gt S 
Ho SF i eiaty f eny ti 
aa as 
5 Oe oth a sh vil ee" wh Ban DRG V0 ne ad en's tipo Y, gd e 7 a F 
donc Serone one pes nic ir we Fated te te Soa Head i 2 ix ys! fs ae A 
Se Sabet BD aot ded ry, babies sky Fd ary me Hie}, id's OF te Bid, EMC Me ee 
@ hime PD ie Wt spent ie fe BALE ? ree ‘ $ ; ; 4 
pit a Ff Roe pare Pata NN vege fhe lei Ul a aietde Sere be ar vg : ee re err 
OM Gh Ph tome sel AY ihe nt A ideal ui dna ay secant ‘ bh & ‘ i rs a we f 
29 plaints OTe OM fh atiwd Fic OS al eek Sp I9qS ed etl ‘ RS Pak Ag : yD. ¢ . fa 44 £ i ‘ 
we «ase ¢- caw a wi det clk rel al od (8%, i) s. Vv bt , rary if ‘ 
pave PMNS Aah Catan eed pivie cheaass od albeit a fe : 
gn td oh. <b ebeotaay i hare? Sha < ees ’ ; 
a, DM ag fo oad as BN ititoa sek ap Ve oP Ue Ba 
oF ery Roe ar tad Saieien ows" f Aton hr 
Je Ron We tt guadd vee red otha ty fie a4 ie 


m eh eG? Ot 8 BES hs 
< ie ieee ae Kade 1: 
Tata lie OP A> 


wd. aha eerie gpl tawett 











































if 
i ale tty ie Of ge wl Adds * eerie ez, 7,f é*e 
Eonar soe SSK eee nt Fal Ad nb eae thy sagie’ un BOBS tay Be NE 
te or 2 18 FP nie inte oa oe Ae Se 
sr ey tse a pide wage ae En ane : ‘ * ay Ry CO Ie Be eee .f 8 
Rey ” he at a FS Teele - fe EN er P pee me iy : “haw FL ‘ . CEES 9 gamit 2e Fr 
Lg Be , Saitek Bos re LP ene ies ‘ ; eg ; t : ae ye ‘#4 
Seen ode BeBe par ha sdobet 9 di” gf 5 Te. - ou ; : 
- er je di So Hdl sage Te w fe Laat PLY Sh ae ee kod ts FEU. eve f y iy one cre ge se eet “ok c., 
‘A a Pprey Tat oe mete. rie SP A094 St erage ¢ Hee Sie gn i, Mo Swe e v ata Kas « fa gM ary ” J 
ari dyede aot es A MESS st OS “* Bs Pe pl pene ‘ Paths hy qh ave ee™ ‘i Netste 5 ite #° Rute ve orn a 
Rucmitah sas Sart er PEED Aleta vies ow he MA AL. fa NaS ward ses Pr site's aNetee! taba ee es Figen £38 Cs (°¢ 
Ave dian - pie eur te Rondate an. aed ag O32. oy yt) ha eds zr Saket’ Ate Be selens ° use wea? “ane Woferie s ¢ 4S, ane " dita ehise ws tte J, en 
eet. of oe enna’, a a, reat ha : 
ead MAG gucks sek, Leable ldig af peprarz =r Sekt, setae! ang, re dha, Subse cate eu aie Be Peeve ae ¢. 
MPM” Rawat: parse. chettay 3S i ak ir stile vig gee Pian ‘ oi Sieescey 7 4208, ’ : 
ths o . ft ieee Atul te at ‘ ¢ 
Poe 4 ae ORES, “e "eas Pan Koga a oy fe on vy ters if - ‘ A x 
Bt WOT ae fi ems’ ad mM Mar2d"23 yee ta Se ee tee OL | o” FP %eha ice 
“do we Pts uh a age wr Pe Fo od os Meies @ Pht ‘ ; 
A di 5 Saher aad bade Pacino West ai on Gants Sa erie rR ie a aé & Ae 
=< rr ae hee Peeks Po Se: Reratsige ad sol é oP o%e gavntd etd «4 
Fates et ehties wey * Se: bts Wen ees ‘ctw P Iupipmt Sate rahe X 933.5 eV ah pF Bt cts 
Ha PLANS, bere ES Aan IOS xs fahehere ha fe ie’ abn ate 38" <3 ie oN wat ehh Osi 8G »* 
sf btu aba af ee e eer tie RASPES Fe wr SEY 4g, Aaytes 
FD ae peed ORM IVA par ch vas aes eg DP UTE oA AY OL ie olsen chat LA 
yet Fe uretht doy ore Ah Pal ae RP aL es Steg aa" oie 8 
Rath crs en eeakeot By RAGES WAR sa BI eo Abe te peed do gsety he A 
3S Ne ve 3B. AANA Sad Ju Bibi Fat ig eee YESSY And bes i 4 
i Beta, ed rad dae ET Ree sh 8 Siete gitote CEM , 
9 OL A bo ; Fas: sf Ye fade a? as xnitie ate at dly gAz% 
a sm AMO Bod Ab gS HORE Chars Ate ‘ ves Leahey SK 
ary, thas Melb ty HH Sa hres Ne , sis Gitsedease = ts 2D & 
os sD a 22% Ye" ‘ wet eatetn, 4 eye fu i ereates 
Cds Edy aging eles erie ph 1 we Cees 2 Eats Lot f 7 ® Pae' 
oe Tey age Vu ae, ne 





fe FP tu a stabs As 

alee hi eo Aa oe 

> de’ Se to card hl 

ints Ae PTL NS op 
Pat 


oA hg ee ata ORs ae 
ene tee % Rha e.4 RS 

Me agi nate Pe WA 
» A sates Bg PDF Pata very Xs 





aes ra 




















































rat i PANDA 
7 = M8 wel atlas s <7. z nd Seek f- 7 i , 
an ot os ne RAN Sy Mle mae 2) ig é Me 7 Ae Part ey ote, a5! 
an it Ree SE ee ARA: Sea Teck Se eNatehe eat ; A het tesa 
ats hia eS ae Wy NES hie fs aX aes ate "o * efx arate cise “3a SF, N 
1 aA eid. «) “ae Aha” ‘j nee 8 poe Lh oes a7 ‘ 
BRE es MEK WEA ERE oe pup ae a ark Ase § AR baa oe ada Bera eceats, 
ae, Rise *e . My pi ge ace Te ahs 5 eee 
ta ees 7 ae ay Lt ee sahat & A CaS EY pk 
435 Ni! hs, st Tae ook ~ iY hte o guae ate St ’ 
Ae: eter eS! 4 ‘aide sh Ja Zv 50 2 as 
ieF 5 i. Fat eae ate ora ek dea S. BR y 
Pemba sahe oot Og) 48 ae ea ha ay PA ted 
Ae MSF Ne A nether: Sea : Soi teh Bigs ay Lai i ty ee 
“A tame Soh vata PAAR Pree gt . pees ee ee . Paper epee 
«NS Seabed he et ove Cate SRA . wea ta CS tn eee 
rg ee ds APRS IN me Batra ste Bi Paras PAS .2 8 
yy rat 3h t ory! Se Seta a! wu Peis tete “bys ty fA Ses o 8 
of i eee, Pow ss Bh Neste ett Sf 
Hee. > ok Amy = yo RANE rei} py? say» Ae ett z tas aeons is <8 (he 
Ae he sage Wag wha PANE eR SrA + bs RIAN, eS aoe fsa fs EASES 
re gisead, ae AReaA Rs od soe Noten ahah * TREES 4 aa 
orn ee Soe ahd Su chs in He rans} . fee we ° 
oa i EAL fis righ * tad us, 
see i sted RH af e808” oa yee, ghee x 
am pone “ Seed Wises At xe, ? Ri oa oe ¥e 
FS AS ALS ER My wees Saag ta)? noe rican ce 
ag ee cont Se hee Pe abarea gaa : 
& 5 % 2 ch Avy Sou X 





aaa ye! 
Zhen, TIP 2e 
its OSKe a A Aes .. 
deel of phn oa ea H . 
ary wie aya! hiss ane et BASE ie : 


gikay Hy VEN, bes, 
ek rae a eather es 4 y 














mye vd act Be: wy? 2 <A 
SSF Pa ap! a Coit: 4: ws sa fury ven Lt 

SX; en Wits Pi 
she a et 



















N F 
Avs. § 
Oe oar Ae yy 
ee Mn eS hd Geen ae fe om) AP, pie ne F 
1€ JRL e Py a wits A. Yayeany, nts has oe 
Ponds Pacts 70> ' Af 3°, Mis Fateh *y aad meek i 
Pepe aS et kt lee ee re ve a he 


ae Set vrei » NaeSc a) Ie 0 wahin's 
fees Dh ao i Ap as suey Me. 
Ay 






















. ay, Len Wi oA 
US oP ily om wae & + tn % 
¢ Wye ten 
Warturs Atete 


ie Re Low an, 





Kies ‘: % hy ook Sy SY qs 
a are males. Dpren  bA 
ote tt ag en ; RN eete feet ie ati NT ee Ler a 
qateerGieory a mee. rae 4, ¥ ¢ 
ee tie acy pe: 


*Se3 Ye Wyss rags OF 
ys Vet Bete oh ge » te hy 









Bor A het ie iE 







_Papetee'n i 5 eee! 













































































5 
vo Mew teeer, She oo thd 
. “¢ Pave ataba ee th Fa Aye Ace Coe We nw ts ' 
% ed < 78: Leen, SEAN BPR, age ms 16 Sa aes 4 ae * ; 
Pa shale "% Gieydew? Set eM ee sw Oe : wens TEsAIM ere 5 . ' | ' Le 
tape of Bie i ae Kagty es SK hus 4 LAOS Cate ney nytt Keak? Cth eis se! SHS oe ie oN fia: ts { cn ne 
RAD te a he ay Nae ete ti + AY Ay G Vda Cte at fs, Ae tare Pam ar er ee! eam Lia Up Varner ear 1? s 
aie Ses ww: woe vA yee om thy me$ ne ie ‘. bay 2 shee in Paes Newdice La ae | Sar) © | ieeas ' $ f * ' 
gee one reg Bom hs at ibe Pie iis We hy SHC tN india Pa ~ Ll faa Ar er e° eatery Ls Yee Wie hae Bs a i 
a: ™Ay iS a y ve ie 6 ay Pad M Hi 4.3 ba akan! = a ws oN, + A Let oye ne at af if ws 4 Jee fear Ber gr a oy ' f ‘ 
panic ey aah Lek FF uv en rary epee a, a VaR teens, {45 Soh + aA ree Contin ee. meg Se oo, iva die a fo os ' 
wee ai oe ah Hs tpt as Ana Mth or ee ae a Ms: 7 Se: oe tye ; ere ia 5 ‘ie tiers ae a ar hoe tone Cos ar hae as ea Se : 
BU AaaPS tenors Mi i ag hea : He Ue Sy a8 SAY ore Met Uae Ayes | eS WB kay ‘alts 8 UROL rie Wh onan ORME Cay © ge at 0 aile git oe ' -0@ 4 bee ? ' ' 
mh Ho 1 spel ep rrmserer tli chans ater R ioe ¢ a Fak Pott Sete Sst 8 Ob Aer ee Wee AS Schaa wt bat Se Artie sali ge ematsired arc Ie ea 
Pe, eR htop area ey Atmore ab a bi aah ae OR ¥ &, Be aah au Oh dry eobad tet 4 ON retetie wu C4. Si" SWikePeias as at elcs,eig scot fina ‘ + ied m4 
wen a: enee He Ley ice RAs me tare: b ai gn WA Net oF As, ‘ uae St ieraes Nonet) oe Cagie ' wale Ora ees eee | 
8 ew te aA. ery Gee Ra Bat aay PRRs ~X eg VAN? eR bay wg usd & ees z Te nate re! mR jhe ' ts BRT ie Ol arr re ' vo4 
a oe eee 4% Y ke taeda ates re chp te rY, wt Sf 9 PL PL Se tel By RP 4 Alt Free IeL Sera acre iat Se car OMe as Hi Hee vn Caria Ye yee! ' 
it byt aka etetoreis Ls rs pure te ok =e oo it rete ae = 4, ’ as’ “hye ih ba yt de A saat tart Ex ot y ’ ¢ Tey Wee tarp tar ty Aer eo POC! sales. 8 cg . 
pers Veen ed ade «pew O20 Peso, we ts aly Ae VINge 8 fs Bhs eS gtee Phe al oat Og rh Ven i, oe? . 
MeN: ses ship oie 0 Bm Me, he a eet abet POI, egy ay, sy ate i’ “ay 1 a ad) cite stn ne NetchsUeh @ mengs = eg rer toa ' tor 8 
phen Epa bray take Bevin ae ple, phar, ng ru eayse esi \2 hie PEC ie oer Pirates eet star) fos i A “4 i « 
“/“_ > 9 Ao ity Be ara ae wigs ig, rnc Eek Be Ao aad te ke i, val i kot” SES MCVRE Cet rae ay oe ti) ' ! , 
hs th 2 NBD pple Q aor ‘i, ain 4y¢ ui" tle Lace ‘ ‘ ' erent a ‘ ‘ Dt ce ' ° ie pray ‘ 
eect Pad beams att th toy pd eer an) ie LR WC at ana a cee sell eer he we os 
2 hy in A WAAL ot thes oth tae ‘ treba ‘ - a 4 
Dm a De ait RON, Fed Ue ear eer ia OP ISU TI ee 9 LG Vaal pearl oe SE Sat ae 
Ahead oe: Guin be yo Biepaduent ce Mier me its teres! 
, Tag ha ee en ESE peailt a dina the al raat Bes é i ry 
“be. 5 em We he «Ao- i 
eth AEs ate son, ine a “ten 


ashe ee 














vey 
Pivyinen BY bo Le 
i 





















































fe 
er 
hea § Wty e facie | 
vie AD 
Ree en CH BPR fe ; Cac 
Fa £ry pass Taha eo at CaCl POLS + omni f ’ ; 
la 44) me aS AES esi ee ny © Rak a re ‘ Sin ‘) bei te pst ee Aye 49 oa : e 
oe A ; “ SIV yg 1h spines AAA Yh i te, é ? 
a peewee Taser eo A pee nae eee ve ay i vn nal ge ee bf he oe . F ore 
a aw g 
aS poor ds ag ax usta tn ~ i tel oh TA me Ape ; ie tas un 1. 
yoy tee Bad. Pa ¥; Or Spates wey 4 Ne a 2 Ae 
qvoreenne ty Fpen S . AAG had parse es de OL MT UTM! A, Utah ' ' 
_ He Aye pS A. . oT MOR A Taki OL ven Sf - L CA aa 
Y we? UNA whe PROTA A  f $84 ane ‘© fai A oe i ar utd fay Fg i, . , 
be Pick Sub ta Att yee + S/S 28 ek 8 teh & ty all fay SN he 8h M1 Ehret ot hn? y a oo fy ae 
i wines "ee ae. by hay C ‘ee he tint LY cls Ve By ON ee wher, thes S42 hk wee FY ae t oe 8 a 
youn tote cy aioe tal ti ey aoa i DT er he A ed “eA, s,m Abt aye 1OpWaes, Y Ley at res eae alee yee w taf re Paes eae MetHige ne recor) Ost ra OE widiga a 
HR TS QA iy L- pe Sees ARS me days yt ‘ ret ED ATR, A, Sy be ag ee ag ote « ’ Batty Ley vd a, Ge a a i Pig MY tse ey fet fae Sea Yael (Pec Fit oa we, ee! Scrat rin | § e 
Aaj ladhet a. Wh thie Uk es SONATA ; at al tl bindu yenies f 2@@ B6u9 . ay we eee eu uit’ Vek ber Ge We Ck ye 4 4 ; 38 - é oF * 4a oat #8 aren 4 e ' ee a iar s 
joel abit Ay . <4 Po. Lee ee Fi ed a | & fe A 8h 4 gees \ “SF ate KGa bh E CE Sal 4 . "pen H ¢ o8 8 tina) 4 z Ce oe a 
Hipeg ahha ema ay & Pa eo ie atk WE MAL eBaet, ATS Vedat, Hi Bre. ast na) Fe Ok LO Pes ice ging laeiicn ce giace a i ea ia Ie Per ee ' © 
ad a Tee ope a bly r Poca ths md v tee zs ae oe ciasaioty a We ah 13 Saye ‘a, vig pos AS +, Gee . ar pt wh, y9.03% be te, df ahs hay tos ¢ rif. ot ee, ak oh Hi 
", shy Aye Ck a $ v *, ie et, » pet Me t ar . . 
R Siren in Pos, RAT k aay mye Snes “on! rin sheath ae ee goat “wre Agta RA. acyl Sis sats he Net Poo eae eee a eT ae in ; 
e 2 ® se ee ayy Lee he 52 hay de one s ee A Fy 4 . ry ae 46 Pid 
re nel evelath by teu cor AN BW Men, a its oe sa : bie ee he™, 3, bk hey aa 1 a4. af Renin nd cmisege oh. 7! -s-t) TSO Saar meee 1 ane ett ' 
efoly Dery oy eS, MY 9 Je Wicyre A 44) i He Foe 28 Hh wel“, ; CUD ASH Huey : Cures § eek Vike gag ie BO etic ae aaa ‘ . 
Pena, pte a ied chee . W604, § Fei) UNA Via a ne a ae ude feste Tuas ue y ree 4 4 rept . 4 1 feos Fi « 
kore, ieeh: Crs a pees sia te Puts Medgar ak oN Be one ‘ Oe cr er tee Peweg eee ' ’ 
“les Romie meee tO hich le Ades ‘* re ys La diet ates rer “ ete: * aSei™ a igh : tt tg me atee 6c here ! a | 
bd a iy et bop vee é q > ’ a . is) ‘ * e . « 
el sy fhe nce Bmre tee whew “ides ty B igre ce ee Ss is ny ch otny f ye i &) yr © 4, : i‘ : . . Y re ae ha ha | i & i | e : r : ‘ Da ' 
elorem whatal rat ae, SHR ne ctr ro a aa ta A ata cepnnd oration aah Se yh we Zee Aen, wk 0 1 ‘ ‘ Se er) COR aac CMR i Jct SEEM ASs gi ee \ 
¥ yy Ky . ay “ ir . ‘e . Py ‘ Ps 1 ’ - 
sack ys Ty wate, TL CNS wyieke'® ore .. ab eat 2) 8 = Lala * sien ¢ ’ 4 “it 3 : ‘4 Mey ' “ii ¢, ‘S . ‘ a eye Near aa ' ‘ ‘ : oof 
Rees meteerentay aS SWE RW, IY re Pie} Wao ieee wot S Sere al LY Beggs SAW vmod ety ¢ 4 ra Parl a) » ’ “boar tos ‘ 
wan ota sary be AVA 28 ep ws .© a wer hoe tb heh % "~) a 20» Wat pil” Se owene +26 by oe ro ee Gere Virus be wr ee gd Weg ait Pare eit 4 « 
mas Ct 25 nese te id Gate he Boe A ONES Sed stom Wee We ana m Fe ht mee et. ayo = pace bt ges ana enue 
ahaha aoe aD % Sop Broz aR mars Sled fly bd 4 Sth hy ANE re « x at gD “yw ate ie Cs pe ae 7 Schl yay Deyn F . ‘ 
‘ peta eg Cs Lids pote Lath BL erry 32 ed § CT Lae RL) Shy Fah ote ‘ Hh i a nae ou Ce] § feags ‘ ? ' | 
ey A af de A eset lee yA iy : pile tees + ,! ee SV EsO re es ta ee ace . 
+f >. " of way ek . : a ‘. oar 
ri Wy i 
ve v's bs 
EN « LPUOP LL BAR, brat eS ies, 





